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Motor Repair Service 
Wherever You Are 






ALABAMA 

Birminghom—Elec. Repair & Serv. Co. 
Greenville—Mowbray Eng. Co. 
Mont y—Standord Electric Co. 


ARIZONA 
Bisbee—Copper Electric Co. Inc. 
Phoenix—Daley Electric Company 
CALIFORNIA 
San Diego—Calif. Elec. Works 
Los Angeles—Larsen-Hogue Elec. Co. 
Oakland—Pacific Elec. Motor Co. 

T. L. Rosenberg Co. 
San Francisco—Weidenthal-Gosliner 

Electric Works 





COLORADO 

Denver—Baker Electric Company 
CONNECTICUT 

Hartford—Charles H. Leppert 
Waterbury—Elec. Motor Repair Co., Inc. 
FLORIDA 

Jacksonville—Turner Electric Works 
Miami—Peninsular Armature Works 
Tampo—Tampoa Armature Works, Inc. 


GEORGIA 

Albany—Georgia Electric Co. 

Atlanta—Bearden-Thompson Elec. Co. 

Columbus—Smith-Gray Electric Co. 

ILLINOIS 

Chicago — Chicago Electric Co. 

Marion—Giles Arm. & Elec. Wks., Inc. 

Mt. Vernon—Dowzer Electric Machinery 
Works, Inc. 


Factory approved motor service in every 
industrial area from 101 
Allis-Chalmers Certified Service Shops. 


INDIANA 
Indianapolis—Scherer Electric Co., Inc. 
Evansville—Evansville Elec. & Mfg. Co. 


1OWA 
Sioux City—Smith Elec. & Supply Co. 


KANSAS 
Salina—Cent. Kans. Elec. Mach. Co. 
Wichita—Tarrant Electric Mach. Co. 


LOUISIANA 

New Orleans—Industrial Elec., Inc. 

Shreveport—Shreveport Armature & 
Electric Works 


MAINE 
Brewer—Stanley J. Leen Co. 


MARYLAND 
Baltimore—Keystone Electric Co., Inc. 


MASSACHUSETTS 
Lowrence—Roland B. Glines Co. 
Springfield—Elec. Motor Repair Co. 


MICHIGAN 

Detroit—Stecker Electric Company 

Grand-Rapids—Grand Rapids Industrial 
Electric Co. 

Saginaw—Banning Elect. Prod. Corp. 


MINNESOTA 
Duluth—Mielke Electric Works, Inc. 
Minneapolis—Parsons Elec. Co. 


MISSISSIPPI 
Vicksburg—Ludke Electric Co., Inc. 


MISSOURI 
Kansas City — Boese-Hilburn Elec. Co. 
St. Lovis—French-Gerleman Elec. Co. 


Springfield — Springfield Elec. Serv. Co. 


NEBRASKA 
Omaha—Omcaha Electrical Works 


NEW HAMPSHIRE 
Concord—A. S. Tracy 


NEW JERSEY 

Atlantic City—Charles A. Buckley 
Paterson—Elec. Service Repair Co. 
Trenton—Lockwood Elec. Motor Serv. 


NEW MEXICO 
Albuquerque—Electric Motor Company 
Powell Electric Co. 


NEW YORK 
Buffalo—Robertson Electric Co. 


Voliand Elec. Equip. Co., Inc. 


Flushing—Flushing Elec. Corp. 
Jamestown—A. E. Westburgh 

Mt. Vernon—H. A. Schreck, Inc. 
New York—Consol. Elec. Motor Co. 
Rochester—Vanderlinde Elec. Corp. 
Utica—Mather,Evans & Dieh! Co. 
Watertown—Watertown Elec., inc. 


NORTH CAROLINA 
Charlotte—Southern Elec. Service Co. 
Greensboro—Southern Elec. Serv. Co. 
Rocky Mount—Hammond Elec. Co. 


OHIO 

Cincinnati—Cincinnati Elec. Equip. 
Electric Service Co. 

Akron—A-C Supply Co. 

Toledo—Romanoff Elec. Motor Serv. 

Youngstown—Winkle Electric Co. 


OKLAHOMA 


Miami—Miami Armature Works 
Oklahoma City—Southwest Elec. Co. 
Tulso—Smith-Milligan Electric Co. 


OREGON 
Eugene—Kalen Electric & Mach. Co. 
Portland—Milwavkee Mach. Co. 


LLIS-CHALMERS CERTIFIED SERVICE SHOPS are independent service 
A shops which have met rigid standards for ability, experience, equip- 
ment and business integrity. They use factory approved methods and 
parts and do your work promptly at a fair price. 

Of course, Allis-Chalmers Certified Service Shops give good service 
on any electrical equipment, of any make. Tear out this ad and save it, 
or write the name of the A-C Certified Service Shop nearest you in your 


address book, Allis-Chalmers, Milwaukee 1, Wisconsin. 


A-4197 


Texrope and Vori-Pitch are Allis-Chalmers trademarks. 





ALLIS-CHALMERS 







PENNSYLVANIA 
Johnstown—Universal Elec. Mfg. Co. 
Osceola Mills—Mid-State Elec. Eng. Co. 
Philadelphia—Elec. App. & Repair Co. 
Pittsburgh—Penn. Elec. Coil Corp. 
York—Industrial Electric Company 
SOUTH CAROLINA 
Greenville—Southern Elec. Serv. Co. 
Spartanburg—Southern Elec. Serv. Co. 
SOUTH DAKOTA 
Sioux Falls—Eleciric Motor Repair 
TENNESSEE 
Columbia—Middle Tenn. Arm. Wks. 
LaFollette—Standard Arm. Works, Inc. 
Memphis —Indus. Elec. & Supply Co. 
TEXAS 
Amarillo—G. E. Jones Elec. Co. 
Beaumont—Elec. Mach. & Repair Co. 
Dallas—Industrial Elec. Equipment Co. 
El Paso—B & M Machinery Co. 
Fort Worth—Central Electric Co. 
Houston—Roy A. Berentz Co. 
Sweetwater—Sweetwater Electric Co. 
UTAH 
Salt Lake City—Diamond Electric 
Motor Repair 
VIRGINIA 
Richmond—Wingfield & Hundley 
Roanoke—Virginia Armature Co. 
WASHINGTON 
Spokane—Lee F. Austin Company 
WEST VIRGINIA 
Charleston—Charleston Elec. Supply 
Fairmont—West Virginia Armature Co. 
of Fairmont, Inc. 
Morgantown—-Galis Elec. Repair Co. 
WISCONSIN 
Baraboo—Utility Trans. & Equip. Co. 
Green Bay—Beemster Electric Co. 
Milwauvkee—Dietz Electric Co. 
Wousau—Electric Motor Service 
Wisconsin Rapids—Staub's Elec. Wks. 


Sold... 
Applied... 
Serviced... 


by Allis-Cnalmers Authorized Distributors, 
Certified Service Shops ond Sales Offices 
throughout the country. 


CONTROL — Manval, 
magnetic and combina- 
tion starters; push but- 
ton stations and compo- 
nents for complete con- 
trot systems. 





TEXROPE — Belts in 
all sizes and sections, 
standard and Voari- 
Pitch sheaves, speed 
changers. 





PUMPS — Integral 
types from % in. 
to 72 in. discharge 
and vp. 
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Dungeons of Industrial Oblivion? 


Adequate recognition of engineers and their acc 


of top management 


Dimensioning Castings 


Scanning the Field for Ideas 


Planetary ball drive — pump flow cont:ol — tubular valve plunger — one-millionth 
second shutter — floating fluid joint 


Shrink Fits 


conditian 


Stimulating Invention 


benefits 


New NEMA Motor Ratings _. 


More horsepower in less space is the key feature of new NEMA ratings 


Hydraulic Accumulators .... 


Metal Bellows 


mechanical assemblies 


Designing Ring Sections 


ond production time 


Kinematic Analysis 


Cantilever Beams 


Data Sheet — How to calculate shear tearout strength for beams carrying high axial 


bending loads 


Contemporary Design 


Tube-reducing machine 


Design Abstracts 


Pumps and motors ....... 
Electronic data processing 


216 
226 


By Elvin V. Lundstedi 98 


Recommendations for correct detail specifications on casting drawings 


By Richard H. MacCutcheon 125 


How a positive policy in encouraging patents by engineers can lead to company 


By Joseph Kaplan and Berthold Pollick 153 


A method for determining characteristics of various often-used mechanisms 


126 Hand generator .............. 136 
Machine tool tracer controls .... 236 
Metallic-traction transmissions ... 244 


omplishments lies in the hands 


_.By J. H. Faupel 114 


Obtaining increased part efficiency by using materials in their optimum stressed 


_..By Edward M. Greer 132 


Part 3 — Use of accumulators with inflexible piston separators or flexible separators 


By J. H. Howard 137 


Factors in the selection of bellows for efficient use in control, indication, and 


Lagueiaa By Verne Wildman 149 


Production and Design — How to use flash-welded rolled sections to save materials 
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111 


130 


By B. Saelman 161 









Our Silver Anniversary 


The sharper-eyed among you 
may have noticed that this is the 
first issue in Volume 26 and con- 
cluded that we have therefore com- 
pleted a quarter-century of publica- 
tion. However, because Volume 1 
contained only five issues (begin- 
ning September 1929) we have to 
wait until the August 1954 issue 
is out before we can look back 
to 300 issues—a full 25 years of 
monthly issues. We confess to a 
feeling that birthdays of them- 
selves mean nothing if regarded 
solely as a measure of survival. 
What the celebrant has done with 
the time is much more significant, 
and on that score we feel entitled 
to hold our heads high in this, 
our silver anniversary year. 


A Publishing Revolution 


Speaking of birthdays, our “me- 
dian reader” is 43 years old, which 
means that half of our present 
readers were under 18 when Ma- 
CHINE DESIGN started—too young 
to be readers or to appreciate the 
publishing revolution which the in- 
fant “professional journal for engi- 
neers and designers’ initiated. 
Since the birth of MACHINE DESIGN 
other publications directed to de- 
sign engineers have appeared and 
existing publications have changed 
their slant to capitalize on the 
growing influence of design engi- 
neers in important decisions. It’s 

















er the Ford 


all good healthy competition which 
we welcome for its stimulating ef- 
fects. 


New Naval Strategy 


Did you see the picture on Page 
184 of our November issue? It 
showed a “giant nutcracker 
capable of crushing the bows of a 
destroyer like a nutshell . . . built 
in Britain for the Royal Navy.” 
Benjamin Ellison of the W. L. 
Maxson Corp. feels that the item 
leaves an important tactical prob- 
lem unanswered and writes: “How 
does the Royal Navy lure enemy 
destroyers into its giant nutcrack- 
er? Various members of our force 
who are adept at naval strategy 
and tactics have proposed the fol- 
lowing solutions: (a) Paint the 
device to resemble water; (b) bait 
the device with a chocolate bar; 
(c) camouflage this device to re- 
semble the world’s first male de- 
stroyer and, as all existing vessels 
are shes, the enemy will beat a 
path to its maw.” Any other ideas? 


This Month's Cover 


Result of cross-breeding a heli- 
cal spring with a hydraulic cylinder 
might be called a “sprinder” or a 
“eyling,” but practical engineers 
are content to call such hybrids 
bellows. You'll see a pair of them 
in George Farnsworth’s front cov- 
er design, employed simply as a 
motion-transmission mechanism. 
Many other uses of this versatile 
machine element are discussed in 
J. H. Howard’s article beginning 
on Page 137, which is the most 
comprehensive guide to the selec- 
tion and application of bellows we 
have ever seen. 
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INDEX 


Advertising and editorial content itemized for con- 
venience when studying specific design problems 











a 


Accumulators, hydraulic, Edit. 132 

Actuators, Edit. 183 

Adhesives, Adv. 79, 282 

Aluminum and alloys, Adv. 189 

Amplifiers, magnetic, Edit. 92 

Automation of aircraft engine assem- 
bly, Edit. 172 

Automobiles, 1954, incorporate many 
design changes, Edit. 167, 168 


Ball drive, planetary, replaces gears, 
Edit. 111 
Balls, Adv. 194, 238 
Beams, cantilever, calculating tearout 
strength for, Edit. 161 
Bearing materials, Adv. 253 
Bearings, air-lubricated, Edit. 276 
anti-friction, sealed, Edit, 278 
ball, Adv. 11, 32, 78, 86, 176, 289 
302 
miniature, Edit. 186; Adv. 75, 265 
needle, Adv. 289 
rod-end, Adv. 60, 300 
roller, Edit. 190; Adv. 56, 76, 86, 
175, 176, 233, 279, 289 
sleeve, Adv. 67, 90, 173, 181, 253, 
278 
Bellows, Edit. 165; Adv. 62, 199 
metal, designing with, Edit. 137 
Beits, transmission, Edit. 182; Adv. 
inside front cover, 5, 36, 82 
Books, Edit. 270; Adv. 192, 235, 281, 
308 
Brakes, Adv. 52, 214 
Brass (see copper and alloys) 
Bronze (see copper and alloys) 
Brushes, cleaning, Adv. 191, 264 


C 


Camera shutter for microsecond ex- 
posures, Edit. 113, 174 

Cantilever beams, calculating tearout 
strength for, Edit. 161 
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Carbon and graphite parts, Adv. 26 
Casters, Edit. 187 
Castings, centrifugal, Adv. 284 
die, Adv. 262 
drawings, dimensioning, Edit. 98 
investment, Adv. 46, 57, 244, 284 
light alloy, Edit. 164; Adv. 51, 207 
sand, Adv. 193, 284 
steel, Adv. 207 


steel, development contest, Edit. 
166; Adv. 207 
Chain, transmission, Adv. 25, 37, 61, 
63 
Circular sections, rolled, designing, 
Edit. 149 


Clad metals, Adv. 197 
Classified ads, Adv. 259, 308 
Clutches, Edit. 194; Adv. 52, 214, 227, 
298, 308 
magnetic-fluid, Edit. 275 
overload, Edit. 276 
Coatings, (see also finishes) 
protective, Edit. 184; Adv. 196, 223 
Compressors, Adv. 36, 82, 198 
Computer components, Adv. 240 
Computers, electronic, Edit. 166 
Connectors, electric, Edit. 184, 186, 
190; Adv. 199, 232, 253, 299 
Contacts, Adv. 262 
Control systems, electric, Adv. inside 
front cover, 12, 59, back cover 
hydraulic, Adv. 12 
pneumatic, Adv. 12 
Controls, cable, Adv. 238 
tracer, for machine tools, Edit. 236 
Copper and alloys, Adv. 18, 67, 90, 
253, 303 
Counters, Adv. 6 
Couplings, shaft, Adv. 81, 236, 285, 
308 


Cylinders, hydraulic, Adv. 8, 9, 91,, 


220, 249, 252, 261, 263, 274, 309 
pneumatic, Adv. 8, 220, 249, 261, 
274 


D 


Data processing, Edit. 226 


(Concluded on Page 10) 


Drafting equipment, Edit. 200; Adv. 
38, 237, 307, 309 

Drawings, casting, dimensioning, Edit. 
98 

Drilling, Adv. 300 

Drives, adjustable speed, Edit. 184; 
Adv. 82, 297 


E 


Electric equipment (see specific type) 
Electronic components, Adv. 232 
Engineering department (see Man- 

agement or Drafting) 
Engineering history, Edit. 167 
Engines, Edit. 187 


a 


Fasteners, blind, Adv. 71 
bolts, nuts, screws, Edit. 182; Adv. 
22, 35, 43, 54, 74, 267, 277, 303, 
305 
insert, Adv. 19, 208 
locking, Adv. 19, 22, 248, 277 
pin, Adv. 43, 277 
retaining rings, Adv. 231 
rivet, Adv. 71 
Feeders, Adv. 41 
Felt, Adv. 66, 219, 222 
Filters, Adv. 55, 209, 313 
Finishes, protective, Edit. 183, 190; 
Adv. 79 
Fits, new standard for, Edit. 174 


shrink, increase part efficiency, 
Edit. 114 
Fittings, pipe, tube and hose, Edit. 
186; Adv. 72 
Fluid joint for reciprocating members, 
Edit. 113 


Forging, Edit. 165; Adv. 251, 254 


Friction materials, Adv. 23, 30 
metallic, Edit. 244 


r 
id 


Gages, pressure, etc., (see also In- 
struments), Adv. 295 


Gaskets, Adv. 20, 224, 235 
















HAT IS 





ONE CYLINDER 


IT THAT MAKES 








BETTER THAN ANOTHER? 





When people set out to buy 
silverware, they accept 
without question the dif- 
ference in price between 
sterling and plate. Without 
being silversmiths, they 
know that the price variance is justified by 
the intrinsic difference in quality, perform- 
ance and life expectancy. This is equally true 
in the case of automobiles. Or in fine furniture. 
It’s no less true in the case of cylinders. 

There’s a marked difference in cylinders, 
too. As in the case of many other products, it 
isn’t always apparent to the naked eye. It’s 
there, nonetheless, and over a period of time 
the difference makes itself known. If, on oc- 
casion, you have been quoted a higher price 
on Hanna cylinders than on competitive cyl- 
inders, you may have wondered what accounts 
for the difference. What exactly are the differ- 
ences that make Hanna cylinders a better 
investment? 

Well, for one thing, the tube of every Hanna 
H-P cylinder is centrifugally cast Meehanite 


(1-1/16” av. thickness) , ac- ; 
HS 





curately bored and honed 
for low friction and perfect 
oil seal. Cast Meehanite is 
used because it lends cyl- 
inder tubes greater dimen- 
sional stability and more 
stubborn resistance to ex- 
ternal damage. 

There’s a pronounced difference, too, be- 
tween the head of most cylinders and the 





Hanna cylinder head. In the Hanna product, 
large, metal-to-metal contact area between 
cylinder head and tube prevents cocking and 
assures squareness of mounting surfaces to 
the bore. 

Hanna rod packings are designed for a more 
efficient seal and longer, trouble-free cylinder 
life. The spring-backed rod packings provide 
compensation for friction and wear. 

The piston and rod of a Hanna cylinder are 
constructed of either a single piece of high 
carbon steel to assure concentricity and maxi- 
mum strength, or assembled with shrink-fit 
welded construction and machined after as- 
sembly. In the latter case, ends are relieved 
to prevent wall scoring. 

Even the assembly screws of a Hanna cyl- 
inder boast a feature found in few competitive 
cylinders. The heat-treated 
alloy socket head screws 
are closely spaced for max- 
imum strength and count- 
ersunk into heads fora 
clean-cut appearance. Non- 
tie rod construction further 
enhances the streamlined 
design. 

These, in the main, are the features that set 
Hanna cylinders apart from most other cylin- 
ders. Once you’ve used Hanna H-P cylinders, 
we’re sure you'll agree their improved per- 
formance and longer life more than justify 
any small difference in cost. May we suggest 
that you bear this in mind next time you in- 
vest money in cylinders? 


Send for your copy of the new 





Hanna H-P cylinder catalog 


Hanna Engineering Works 


1751 ELSTON AVENUE e CHICAGO 22, ILLINOIS 
HYDRAULIC AND PNEUMATIC EQUIPMENT © CYLINDERS « VALVES ¢ RIVETERS 


(Advertisement) 
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Brilliant N 


Machine Design 
| CRACKS “BARRIER” PROBLEM with 


/OILGEAR FLUID POWER 


Once the “forge-it-in-mid-air”’ 
idea occurred to the Chambers- 
burg Engineering people, there 
were two “‘barrier’’ problems to be 
smashed before the idea became a 
brilliant reality. Something of the 
seriousness of the problems is in- 
dicated by the fact they spent 10 
years to get the right, precise in- 
tegration of movements and forces 
required. 

One problem, that of getting the 
blanks to be forged into the right 
place at the right time for the mid- 
air forging blow, was eventually 
solved by recourse to Any-Speed 
Oilgear Fluid Power. The 
standard totally enclosed Oilgear 
Transmission with integral 
electro-hydraulic control gave the 
designers of the Cecomatic Im- 
pacter remote, interlocked, precise 
control of the conveyor . . . quick, 
cushioned acceleration... high 


traverse speed . . . fast, cushioned 
deceleration ... smooth stop and 
dwell in forging position; all at the 


speed and accuracy they needed 
...just as so often in the past 
Oilgear has given other machine 
designers what they wanted. 

Maybe your problem can be 
solved, your machine’s perform- 
ance improved by the smooth, 
swift acceleration and decelera- 
tion of the Any-Speed Oilgear. 
Maybe you need its extreme pre- 
cision of controllability ... or any 
of a dozen other remarkable char- 
acteristics. In addition you get 
simplicity, ease of assembly into 
your machine, ruggedness, de- 
pendability, accessibility, a unique 
freedom from maintenance. 

But whatever your need, you 
have not exhausted all possi- 
bilities in machine design if 
you have not investigated 
Oilgear Fluid Power Pumps, 
Motors and Transmissions ex- 
haustively. You too may have a 
world beater in your hands. THE 
OILGEAR COMPANY, 1568 W. 
Pierce St., Milwaukee 4, Wis. 








Cecomatic Impacter doubles, triples, 
quadruples —octuples forging production! 
No jar or vibration. Less metal stress and 
die wear. Blanks load into conveyor 
automatically. And automatically the 
Oilgear type AXB-33 Variable Speed 
Transmission accelerates conveyor swift- 
ly, smoothly, it smoothly stops with forg- 
ing blank “dead on target,” waits for the 
forging blow, then accelerates forged part 
away and new blank into position. 
Oilgear is adjustable up to 40 cycles per 
minute, is easily set to any required 
index distance which is then maintained 
under complete avtomatic control with 
unvarying precision. 


ROILGEAR: 
ee 





OILGEAR 
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INDEX 


(Concluded from Page 7) 





Gears, Edit. 187; Adv. 14, 16, 48, 
256, 305, 309, 311 
Generators, electric, Edit. 94 
require low starting torque, Edit. 
136 
Governors, Edit. 183 


H, | 


Heaters, Adv. 258 
Hose, metallic, Adv. 95, 304 
non-metallic, Adv. 199 
Hydraulic 
type) 
Inspection, Edit. 262; Adv. 201, 298 
Instruments, Edit. 190; Adv. 12 
Insulation, Edit. 187; Adv. 30, 79 
Invention, stimulating, Edit. 125 


equipment (see _ specific 


K, L 


Kinematic analysis of mechanisms, 
Edit. 153 

Latches, Adv. 268 

Lubricants, Edit. 94, 187; Adv. 79, 
223, 228 

solid, reduce ball bearing friction, 

Edit. 160 

Lubrication equipment, 
Adv. 47, 203, 210, 306 


Edit. 172; 


M, N 


Machine, tube-reducing, Edit. 126 
Machines (see also specific type or 
process), Edit. 253 
Magnesium and alloys, Adv. 292 
Materials handling machines, Edit. 
253 
Mechanisms, kinematic analysis of, 
Edit. 153 
Meetings, Edit. 213 
Metals (see specific type) 
Meters, Edit. 188 
Motors, electric: 
brakemotors, Adv. 234 
fractional and integral hp, Edit. 94; 
Adv. inside front cover, 17, 44, 
64, 68, 93, 243, 245, 293, 298, 302 
gearmotors, Adv. 29, 48, 64, 293, 
inside back cover 
new NEMA standards for, Edit. 130 


MACHINE DESIGN is indexed in Industrial Arts and Engineering Index Service, both 





subfractional, Edit. 188; Adv. 1, 44, 
293 
Motors, hydraulic, Adv. 9, 91, 263, 
276, 294 
hydraulic, ball-piston, Edit. 216 
pneumatic, Adv. 198 
Mountings, vibration and shock, Edit. 
192; Adv. 221, 230 
Nameplates, Adv. 306 


P 


Packings, Adv. 30, 72, 88, 224, 229, 309 

Pipe, Adv. 58, 185, 205 

Plastics, Edit. 187; Adv. 13, 24, 205 

Plastics molding, Adv. 30 

Pneumatic equipment (see specific 
type) 

Potentiometers, Adv. 250, 302 


Powder metallurgy, Edit. 188; Adv. 
30, 181, 271, 291, 313 
Pulleys (see also Sheaves), Adv. 82, 
272 
Pump diaphragms, Edit. 194 
Pumps, Adv. inside front cover, 36, 
82, 213, 258, 297, 304 
hydraulic, Adv. 9, 28, 91, 195, 213, 
263, 276, 294, 309 
hydraulic, ball-piston, Edit. 216 
pneumatic, Adv. 198 
rubber liner prevents fluid to metal 
contact in, Edit. 112 


Processing data, Edit. 226 


Rectifiers, Edit. 92, 186 
Reducers, speed, Adv. 29, 48, 226, 300 
Regulators, pressure, Adv. 283 


Relays, Edit. 192, 198; Adv. 96, 206, 
260 


Research & development, Edit. 200, 
202, 204; Adv. 215 


Ring sections, rolled, designing, Edit. 
149 
Riveting, Adv. 220 
Rubber, Edit. 92, 94, 182; Adv. 24, 79 
liner for pumps, Edit. 112 
Rubber molding, Adv. 30, 242, 260 


S 


Seals, Adv. 72, 88, 224, 229 














om w= a we 


mechanical, Edit. 275; Adv. 2, 88, 

179, 224, 229 

Sheaves (see also Pulleys), Adv. in- 
side front cover, 82 

Shims, Adv. 88, 241 

Shrink fits increase part efficiency, 
Edit. 114 

Silicone compounds, Adv. 79 

Spindles, Adv. 257 

Springs, Adv. 211, 297, 301 

Sprockets, Adv. 25, 37, 61 

Stamping, Adv. 240 


Starters, engine, Adv. 303 
motor, Adv. 239 


Steel, stainless, Adv. 40, 84, 225 
Stimulating invention, Edit. 125 


Switches, Edit. 186, 187, 188, 196; 
Adv. 228, 275, 301 


Swivel joints, Edit. 182, 183; Adv. 200 


T 


Tachometers, Edit. 276 

Testing, Edit. 262 

Thermostats, Adv. 50, 307 

Timers, Adv. 77, 232 

Transformers, Edit. 182 

Transmissions, variable speed, Adv. 
272 

Transistors, Edit. 166 

Tubing, Edit. 183; Adv. 40, 58, 89, 
273, 314 

Turning, Edit. 256 


U, V 


Universal joints, Adv. 85, 202, 288 
Valves, Edit. 184, 188, 190, 194; Adv. 
185, 247, 256, 270, 280, 287, 305, 
307 
plungers have no lands, Edit. 112 
hydraulic, Edit. 278; Adv. 9, 72, 
263, 266, 274, 294, 301, 307, 309 
pneumatic, Edit. 192; Adv. 220, 247, 
266, 274, 283, 301, 304, 307 


Ww 


Welding, Adv. 286 

Veldinents, Adv. 42 

Wire and wire products, Edit. 194; 
Adv. 204 





available in libraries, generally 
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DIRECTIONAL VALVES —4-way and 2- 
way threaded valves, %” to 112” in size 
for 2000 P.S.I. service ® Manual, cam, foot, 
solenoid, oil and air pilot operation © Six 
spool styles ® Stem, knob, lever and a new quadrant 
type control © Same models, types of operation and 








































sizes also available with flange connections for 3000 a a 
P.S.I. © An equally complete line of gasket mounted Catalogo covering Valves 
| valves, ¥” to 4”, 2000 and 3000 P.S.I. © Also rotary quirements. 
‘ pilot valves @ 3175 valve models with modern, improved Cot, tn, 
styling for a maximum of service. 2000 P.S.I. Threaded 
5 ’ Cot. No. 821 
FUNCTIONAL VALVES—Relief, sequence, unload- 3000 P.S.1. Flange 


Cat. No. 841 













ing, pressure reducing, counter-balance, flow control 
and check valves ® Threaded connections, 4%” to 1%” 
sizes for 2000 P.S.I. © Flanged connections, 12” to 2%” 
sizes for 3000 P.S.I. © Gasket mounted, 42” to 2%” for 
2000 and 3000 P.S.I. © Smooth, balanced control © 


Minimum pressure differential required for operation. 





ver 


ACCESSORIES POWER UNITS CYLINDERS PUMPS & 
MOTORS 


a ee ee 


THE HYDRAULIC PRESS MFG. CO 
MOUNT GILEAD, OHIO, U.S. A. 


onsieaney 


1096 Marion Road 
A Factor in the Field of Hydraulics Since 18771! 





You know what you’re buying when you specify HPM 
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A Tinkertoy Project—for $2,175 


A design kit containing all the equipment to assemble Project Tinkertoy 
units (see MACHINE DESIGN, November, 1953, Page 192) can now be pur- 
chased—for $2,175. Made available to help companies initiate design or 
redesign of electronic equipment for Project Tinkertoy automatic assem- 
bly, the kit includes all hand tools, furnaces, wafers, pins, etching equip- 
ment, tape resistors, capacitors, etc., to build over 200 modules. Com- 
munication Measurements Laboratory Inc. is the supplier. 


Tiny Magnetic Amplifiers Handle One-Billionth Watt Signals 


Developed in an attempt to provide electronic-free amplifiers working di- 
rectly from thermocouple or similar low-energy device output, magnetic 
amplifiers announced by Westinghouce will operate on only 1 billionth watt. 
The amplifiers are wound with size 49 insulated wire about 1 mil thick. 
The core, wound of Permaloy strip 0.00012-inch thick, is as small as a 
pencil eraser. 


Foil for Honeycomb Successfully Stretch-Formed 


Type 302 stainless-steel and Inconel foil only 0.005-inch thick have been 
successfully stretch-formed, the first time that material of such thin gage 
has been so processed. Used for laminated honeycomb insulating panels, 
the material has previously been formed by regular punch-and-die opera- 
tions. According to Longren Aircraft Co., the new process is much less 
expensive. 


Are Selenium Rectifiers Toxic? 


During the past year, several articles have appeared labeling selenium 
rectifiers—extensively used in radio and television sets—as toxic. A re- 
cent Navy Bureau of Ships Journal article points out the fallacies in such 
reports. Commenting on Navy policy, the article says, “. . . selenium rec- 
tifiers have been in general use for the past 15 years . . . evidence that 
little or no danger exists in their use.... Unless positive information de- 
velops showing the existence of danger, selenium rectifiers will continue 
to be used... .” 


Silicone Rubber Stays Flexible at —120 F 


Remaining flexible at temperatures down to —120 F, a silicone rubber 
compound developed by the Chemical Div. of GE is said to achieve this 
low-temperature flexibility without sacrifice of other desirable properties. 
Heat resistance and insulation ability, for example, are said to be un- 
impaired. 


Most Powerful Radio Transmitter Built 


The world’s most powerful radio transmitter, a 1 million watt VLF (very 
low frequency) giant, was recently completed for the Navy. Operating 
in the 14.5 to 35 kilocycle band, the superpower radio-telegraph trans- 
mitter developed by Radio Corp. of America will be able to flash radio 
signals to any quarter of the globe. Signals will even penetrate to sub- 
marines cruising below surface, and can be heard in polar regions despite 
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THE MOST IMPORTANT PERSON 
IN YOUR BUSINESS... 


is a satisfied customer! And one way to assure satisfied cus- 
tomers is to standardize on Packard electric motors for your 
electrical appliances. 


The motors built by Packard Electric have been well and 
favorably known for 37 years. There is no better fractional 
horsepower electric motor on the market. So, when you 
specify Packard electric motors, you benefit in two ways: 
Your product will give your customers reliable and long- 
lasting performance; the satisfaction experienced by your cus- 
tomers will be reflected in greater acceptance for your product. 








GENERAL 
| MOTORS 





Packard Electric Division 
General Motors Corporation, 
Warren, Ohio 


A COMPLETE LINE OF 
RUGGED FRACTIONAL HORSEPOWER APPLIANCE MOTORS 
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frequent magnetic storms and ionosphere disturbances. Four powerful 
electron tubes develop the output, compared with eight tubes required in 
previous equipment to develop half the power. Antennas consist of ten 
catenary spans of cable ranging from 5640 to 8800 feet in length sup- 
ported from twelve 200-foot towers. ‘Towers are located on two moun- 
tains north and south of the 725-acre transmitter area near Arlington, 
Wash. 


Bean-Sized Germanium Photocell Is Exceptionally Sensitive 


Still in the development stage, a miniature electric eye announced by Gen- 
eral Electric is slightly thicker than a pencil lead and only *%%-inch long. 
More sensitive to light than vacuum photocells a hundred times larger, 
the germanium photocell has a comparatively large output; relays can 
be operated directly. The cell, a p-n junction type, consists of a metal 
cartridge housing a glass lens and a germanium wafer, in contact with a 
metallic button of indium. 


Protects Tires Against Smog and Smoke 


According to Firestone Tire & Rubber Co., a new material is now being 
used in tires to protect them against the deteriorating effects of smog, 
smoke, and chemical fumes. The new material, mixed into the rubber at 
the time of making the tire, is said to provide a film-like coating over the 
surface of the tire, and provides extra protection from weather checking 
and cracking. 


Motors and Generators 8uilt with Iron in Core Only 


For one military application, a sizable number of ac and de motors and 
generators are being built almost entirely without iron. Frames are made 
of aluminum fabricated by shielded-arc welding, according to Westing- 
house, and shafts are made of stainless steel. Only the cores are iron, 
in most cases producing machines which are as small and somewhat lighter 
than their conventional counterparts. 





Xeroradiography—Newest Industrial X-Ray Technique 


Use of radiography for inspection of castings may get another boost by 
the development of Xeroradiography, a new process being tested at Alcoa’s 
Cleveland Research Div. Developed jointly by G-E’s X-Ray Dept. and 
the Haloid Co., the process is a further development of Xerography, and 
employs a reusable, specially coated aluminum plate and dry powder which 
is attracted by a static electricity charge to produce the image. Chief 
advantage of the process is its speed—the X-ray image is available for 
viewing within 45 seconds as compared with 1 hour required to develop 
and dry conventional X-ray film. 


Color Changes in Paints Reveal Temperature 


Over a number of years, research workers at the Naval Research Labora- 
tory have developed a series of compounds that will give a color indi- 
cation of temperature. Temperature-sensitive compounds have been de- 
veloped that will record temperatures from 50 to 278 C (112 to 532 F) 
with some gaps, and work is currently under way to extend this range 
in the lower and medium temperatures. Some color-changing paints and 
crayons have recently been made available as imports from Germany. 
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Dungeons of Industrial Oblivion? 


O DESIGN engineers lead drab lives? 
We recently read in The Houghton 
Line this explanation of the alleged 
shortage of machine designers: Very few 
young men would consider long hours of 
study leading only to “an uneventful exis- 
tence in the dungeons of industrial oblivion.” 

Perhaps the picture is overdrawn. It 
ignores the thrills that the design engineer 
experiences in successfully meeting the far 
from uneventful challenges of difficult en- 
gineering problems, the excitement of the 
initial test run, the personal pride and satis- 
faction of seeing the child of his brain take 
shape and become an effective contribution to 
man’s progress and happiness. 

But the author of the quoted statement, 
Ray Wilburth, makes this highly pertinent 
point: When a doctor, lawyer, writer, even 
an architect or civil engineer, does a signifi- 
cant job, he and his work are well headlined; 
but industrial achievement, if covered at all, 
is relegated to a brief item on the financial 
page with never a word about the engineers 
responsible for design. 

We don’t agree with those who would have 
engineers try to emulate the medical and legal 
practitioners, some of whose activities have 
hardly enhanced the reputation of their pro- 
fessions. But the impact of the design engi- 
neers’ work on everyday living, considering 
its importance, is impersonal to an unneces- 
sary degree. While design engineers may 
often seem to be modest, self-effacing people, 
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we suspect that they are no different from 
other human beings in craving appreciation 
and the public recognition that is their due. 

The key lies in the hands of top manage- 
ment in companies employing engineers. A 
comprehensive public relations program, with 
the purpose of developing maximum company 
prestige, should include a definite policy of 
recognizing engineering achievement in re- 
leases to newspapers, magazines, radio and 
television. 

In giving credit for group accomplishment 
it is of course necessary to exercise care, be- 
cause many individuals may be involved in 
any one project and it may be difficult to 
single out for mention only one or two people 
without seeming to slight the others. But 
if the engineers in responsible charge are 
specifically mentioned and essential contri- 
butions of the others who worked with them 
are recognized, even anonymously, the morale 
of the whole group will be given a big lift and 
there will be an added incentive for each en- 
gineer to give of his best. 

Properly told, the story of a new design 
and the men behind it can heighten public 
interest in both product and company, en- 
hance the prestige of engineers, and attract 
urgently needed fresh blood into the pro- 
fession. A corps of competent engineers is 
just about the biggest asset a manufacturer 
can have, and should be brought into the 
limelight, not buried in “dungeons of indus- 
trial oblivion.” 


Ab. Mermile 


EDITOR 


















Fig. 1—Aircratt  in- 
strument utilizing a 
complex cast chassis. 
Critical space factor 
makes high accuracy a 
necessity 
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NCREASED complexity and higher accuracy of 
] parts and dimensioning, as a result of technical 

advances in engineering, emphasize the need 
for good manufacturing drawings that show clear- 
ly all engineering requirements. Nowhere is this 
more true than in the case of complex castings 
such as those that form the basic structure of pre- 
cision instruments and similar high-accuracy de- 
vices. A sound approach to dimensioning such 
castings which has proved successful in a wide 
variety of applications, including precision gyro- 
scopes for aircraft and other measuring devices of 
a similar nature, Fig. 1, will be outlined in this 
article. 

This material was prepared to facilitate dimen- 
sioning most efficiently a part io be produced by 
casting processes. It is not intended that this in- 
formation replace the vitally important procedure 
of consulting those who are to produce the casting 
and perform the machining operations. The objec- 
tive, rather, is to produce initial drawings of a 
practical nature that will require a minimum num- 
ber of revisions when finally released for manufac- 
turing. Use of this information must be tempered 
with discretion for each specific application. It is 
wide in its scope and actual limitations are de- 
pendent on the many interwoven requirements of 
each part. 


Basic System of Drawing: There are many opin- 
ions on how to choose the most efficient method 
of producing drawings of cast items. There are 


98 


a 
»Y 






A 
DIMENSIONING 


- 


a 






By Elvin V. Lundstedt 
Meter and Instrument Dept., General Electric Co., Schenectady, N. Y. 


CASTINGS 


Recommendations for 
correct detail specifi- 
cations on casting 
drawings to insure fea- 
sibility, low cost and 
ease of manufacture 





e 
* 


three basic schools of thought—one is to make a 
drawing of the finished casting and rely on the 
pattern or moldmakers to allow an extra amount 
of material for machining purposes. For non- 
critical castings this is sufficient. A second ap- 
proach is to make a composite drawing of the fin- 
















Fig. 2—Typical drawing for a pro- 
duction casting and casting pro- 
duced. Three base lines are used 
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ished casting with the cast surfaces. which are to 
be removed by machining, indicatea by phantom 
lines. This is usually satisfactory for simple cast- 
ings without too many intricate shapes and con 
tours. Complicated castings with machining op- 
erations make this type of drawing unsatisfactory 
as it is difficult to distinguish the casting require- 
ments from the machining requirements. 

The third approach is to make separate drawings 
of the raw casting and the machined part, Figs. 2 
and 3. This method offers the utmost in clarity, 
and is particularly effective for complex designs 
where interpretation of drawings is difficult at 
best, and successful manufacture is dependent on 
a sound method of dimensioning. It is this ap- 
proach that is the basis for the dimensioning tech- 
niques described. 

For economical redesign it is sometimes desir- 
able to modify a basic casting by slightly different 
machining operations, at the same time maintain- 
ing the original requirements of the casting. When 
this is done each machined casting is assigned a 
new part number. This results in a series of ma- 
chined castings, each with clearly defined require- 
ments. These may be on the same drawing for 
simple parts requiring few dimensions but, in the 
case of large complex parts, should be on separate 
sheets. The casting drawing supplies the foundry 
and moldmaker with complete information on the 
part to be produced. The amownt of material to be 
removed by machining is controlled on the casting 
drawing and is not subject to various interpreta- 
tions by the pattern or moldmakers. With proper 


Fig. 3—Typical production machining drawing for the 
casting of Fig. 2. Three base lines and three base dimen- 
sions are used. Because the base surface of the casting and 
the machine drawing are common, the base dimension in 
this plane is zero. “Start machining from this surface” 
Machined casting is 


reference is given for each plane. 
shown below with base surfaces cross hatched 








DIMENSIONING CASTINGS 


dimensioning, and with allowance for tolerances 
taken into account, the inspection department may 
reject the raw casting prior to any costly machin- 
ing operations should a particular surface lack 
sufficient material for machining, The machining 
drawing will supply those interested with the com- 
plete machining requirements that manufacturing 
is to perform on the casting to produce the finished 
part. In summarizing, when separate drawings of 
the casting and machined product are used, neither 
is cluttered up or confused by information vital tc 
the other. 


The Base Line: The fundamentals of proper di- 
mensioning are based on the principle that all solids 
are defined by dimensions in three planes. For 
good dimensioning, a base line should be used for 
each of the three planes of the part, both as cast 
and as machined. This is a line from which the 
majority of dimensions in one plane originate, the 
primary purpose being to avoid accumulation of 
tolerances through chain dimensions, Fig. 4. The 
base lines of the casting drawing should correspond 
to the surfaces from which initial machining is 
started in each plane. The base lines of the ma- 
chining drawing should correspond to the surfaces 
from which subsequent machining is done, and 
must be related on the machining drawing to the 
base surfaces of the casting by a dimension which 
may be referred to as the base dimension. 

The importance of correctly choosing the base 


Fig. 4 — Sh! san base line 

dimensioning shown at a elim- 

inates the accumulation of tol- 

erances from chain dimension- 
ing as at b 
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lines early in the design cannot be overemphasized, 
since a change in the base surface after the draw- 
ing is completed will mean many hours of re-cal- 
culating and re-dimensioning. The selection of 
these surfaces should be co-ordinated with both the 
people who are to perform the machining opera- 


Fig. 5—Drawing for a casting with all 
final machining drawing for the casting, b, with all surfaces properly referenced 


tions and those who are to produce the casting. 
A general guide for selection of these surfaces is 
as follows: 

1. For the casting drawing, select surfaces that 


will not be removed by machining. Unless this 
rule is followed, control of the material to be 


surfaces properly referenced, a, and the 
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SEE NOTE *5 
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machined off is lost and inspection cannot de- 
termine the dimensions at fault when a surface 
fails to “clean up.” When a casting is machined 
all over, some of these statements obviously 
must be violated. As an aid to tooling, a phan- 
tom line indicating the base surface and its 
base dimension may be indicated on the ma- 
chining drawing. 
Select surfaces that have good mounting fea- 
tures for jigs and fixtures, such as the three 
outermost points in one plane, so that any out- 
of-flatness would be minimized rather than ex- 
aggerated as it would be by mounting on points 
close together. 

3. Select surfaces least subject to distortion when 
clamped because a part machined under stress 
will spring back when removed from a jig or 
fixture, resulting in extra dimensional variation. 

4. Select surfaces integral with the main body of 
the casting, eg., not subject to the tolerance 
variations produced by cored surfaces, parting 
lines, or gated surfaces. 


to 


Base Line and Chain Dimensioning: A simple 
casting with a single machining operation is shown 
in Fig. 4 properly dimensioned at a and at b im- 
properly dimensioned for this application. Note 
the amount of material to be removed by machin- 
ing, dimension A, and the variation of the B di- 
mension. The improved conditions of Fig. 4a are 
obtained by correct dimensioning, without increased 
cost or hardship to manufacturing. A comparison 
of dimensions A and B with both types of di- 
mensioning will illustrate this point, Under the 
conditions that: (1) Tolerances on all fractional 
dimensions range plus or minus 1/64-inch, and (2) 
minimum stock for machining purposes is held to 
1/32-inch, by calculating using the worst possible 
combination of dimensions and tolerances the fol- 
lowing actual tolerances result. 
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DIMENSIONING CASTINGS 


a base dimension is a dimension from a cast sur- 
face to a machined surface. The base dimension, 
almost without exception, should be established 
between the base line on the casting drawing and 
the base line on the machining drawing and only 
one base dimension should be shown for each plane. 
A note should be added to flag this dimension by 
stating on the machining drawing “start machin- 
ing from this surface”, Figs. 3 and 5. 

When the base surface of a casting is large in 
area, tapered, contoured, etc., it is sometimes de- 
sirable to add pads on the casting in order to in- 
sure that the jigs and fixtures will locate on spe- 
cific areas. Another method is to indicate an area 
to which the base dimension and tolerance applies. 
This should be done in conjunction with those mak- 
ing the tools to insure that the proper surfaces are 
selected. The tolerance is then not subject to sur- 
face variations caused by any distortion of large 
cast areas. If the surface involved is located on 
three points of the casting by the tool and in- 
spected on three arbitrarily chosen points, manu- 
facturing would be penalized by the amount of dis- 
tortion on each casting and its consequent result- 
ing difficulty in holding the required tolerance, 
Fig. 6. 

All dimensions on both casting and machining 
drawings should be from the base line. The only 
exception to this practice is on fitted parts where 
the actual location of the part is not critical, but 
the clearance of an integral portion is, Fig. 7. 


The Base Diameter: Only one base dimension 
per axis should be shown on casting and machining 
drawings. The base diameter is the diameter to 
which all other diameters in the same plane are 
referenced. Base diameters of casting and ma- 
chining drawings should be controlled by a concen- 
tricity requirement—which includes any out of 
roundness — stated on the machining drawing, 


Fig. 6 — Left — Drawing showing 
method of applying tolerances to 
specific areas to control variations 
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Fig. 7 — Above — Design showing 
the general case that is an excep- 
tion to full base line dimensioning 


















Fig. 5b, in clearly understandable terms. 


Identification of Centerlines: In order to avoid 
misinterpretation of centerline dimensions, center- 
lines should be identified as the axes of one diame- 
ter. This is accomplished by adding a note to the 
drawing indicating that centerlines X-X and Y-Y 
are through a designated diameter. This should be 
through the base diameters of both the casting and 
machining drawings. All dimensions in the X-X 
plane are referenced to centerline X-X and all di- 
mensions in the Y-Y plane are referenced to center- 
line Y-Y. In Fig. 8 the correct practice is shown. 
The use of this note obviates common tooling trou- 
bles and varying interpretation of the drawing 
requirements. Many draftsmen would assume that 
centerlines on a drawing were the true centerlines 
of all diameters on a common axis. This is usually 
not true due to the improbability of manufacturing 
holding two or more diameters without some ec- 
centricity. 

The assembly in Fig. 8 illustrates typical case of 
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tig. 8—Above—Design application involving screw 
learance, a, with the preferred dimensioning tech- 
nique shown at 6 and the undesirable method at c 
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machined mating parts where it is desirable to 
maintain proper clearance for a mounting screw. 
The method shown in Fig. 8b for dimensioning is 
preferred because hole C is identified relative to its 
design application and represents good tolerance 
utilization. It is also referenced to its functional 
diameter B in order to maintain proper clearance 
for the screw. The technique shown in Fig. 8c is 
undesirable on the basis that hole C is not identified 
with either diameter A or B. The eccentricity al- 
lowable by the note would result in no tolerance 
for dimension D when measured indiscriminate:y 
from diameter A or B. 


Production Difficulties: Drawings should be di- 
mensioned for harmony in product and tool re- 
quirements. The dimensions on the machining 
drawing should be selected in such a way that the 
tools used to produce the part will locate on one 
end of the dimension and perform the desired op- 
eration on the other end. Likewise, the tools used 
to produce the part should be designed in such a 
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Fig. 9—Below—Design application of a 
typical casting, 2, wi dimensioning 
and tooling shown at 6 and poor practice at ¢ 
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way that the part will be located on one end of 
the dimension and the desired machining opera- 
tion performed on the other end, Fig. 9. The most 
common source of error and tolerance variation in 
machined castings, causing production difficulties 
and scrap, is encountered when a drawing has been 
dimensioned from one surface and the tool locates 
from some other surface. This has the same ef- 
fect as chain dimensioning, that is, through ac- 
cumulation of tolerances the part produced is 
beyond drawing tolerance. The only way to avoid 
this is by predetermining a tooling approach for 
each base dimension or base diameter on a draw- 
ing prior to final detailing of the casting drawings, 
Fig. 10. This example illustrates how properly 
dimensioned drawings, Fig. 5, may be planned for 
machining operations. 


First Operation: Turn diameter F, face off and 
bore as required by Fig. 5. The initial machining is 
started from the surfaces indicated in Note 1 of 
Fig. 5b and with this type of setup, appropriate 
stops may be set on the machine and each part 
completely machined without changing the tool 
setting. 

Second Operation: Drill three holes as required by 
Fig. 5b. Additional machining is done with the 
part locating on the base line and base diameter 
shown on the machine drawing. Also note that the 
part must be placed in the drill jig in the same 
position as the plan view because of the foolproof 
pin, Fig. 10c. This assures that the center lines 
X-X and Y-Y on the machine drawing are coin- 
cident with center lines X-X and Y-Y on the cast- 
ing drawing. 
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DIMENSIONING CASTINGS 


Third Operation: Mill two slots 90 degrees apart 
as required. by Fig. 5b. Additional machining is 
done with the part locating on the base line and 
the base diameter of the machine drawing. Also 
note the part must be placed in the milling fixture 
in the same position as the plan view of the ma- 
chine drawing and consistent with the second op- 
eration (See foolproof pin). With this type of 
setup the milling operations can be performed on 
more than one part without changing the setting 
of the milling cutter. 


Draft: Allowable draft should always be speci- 
fied on the drawing. This information may be 
given in several forms, such as degrees, number 
of thousandths per inch, or as plus or minus a 
number of thousandths taper above and beyond 
the dimension and its tolerance, In critical ap- 
plications, draft information may be covered by a 
note “taper to be included in tolerance unless 
otherwise specified” or ‘‘no taper allowable”’. 


Fillets and Radii: Specify all fillets and radii on 
the drawing. Generous radii will strengthen cast- 
ings, avoid stress concentrations, and aid in the 
flow of metal. This information may be expressed 
by designating each separate radius or, preferably, 
in note form by the selection of a common radius. 
This will result in economical castings and clear 
drawings, because in many applications the same 
cutting tool could be utilized if a common radius 
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t operation turning chuck or collet fixture at 5, 
second operation drill jig at c, and third operation milling fixture at d 


















were selected; whereas, with a different radius, 
different tools would be necessary, Fig. 11. 


Finishes: In order to maintain engineering con- 
trol of functional appearance, or for other reasons, 
surface roughness symbols should be specified on 
the machining drawing. These will also identify 
surfaces to be machined. An example of the selec- 
tion of roughness symbol is indicated in Fig. 3, the 
equivalent of f4, which is considered “run of the 
mill” machining. When most of the surfaces of a 
part are to be of the same roughness, this rough- 
ness should be specified by a note, “All machined 
surfaces to be ,»63 unless otherwise specified”’. 
Other surfaces, more or less critical in their re- 
quirements, should carry their proper roughness 
symbols, Fig. 5. 


Pattern Numbers: A drawing number and pat- 
tern letter should appear on the casting for identi- 
fication purposes. In order that a finished casting 
may be identified, these markings should be placed 
on surfaces that are not to be machined. If this 
cannot be done it is still an asset, for stocking pur- 
poses and also for identifying castings that have 
pattern changes, to have this identification on the 
casting up to the time it is machined off. Should 
the pattern be revised this aids in replacing parts 
and also enables manufacturing to control the 
processing of the casting, Fig. 5. 


Foolproofing: If a casting is symmetrical, the de- 
signer, in conjunction with manufacturing, should 
create an unsymmetrical surface, cutout, boss, etc. 
This will enable the part to be identified in its 
proper relationship with the drawing and be as- 
sembled without guesswork. Various jigs and fix- 
tures may be designed in such a manner that un- 
skilled operators will place the part in a predeter- 
mined position (commonly referred to as foolproof- 
ing). Foolproofing is advantageous when a part 
has machining operations to be performed in more 
than one jig or fixture. With foolproofing the ver- 
tical centerline is the same for both the casting 
and the machine drawing. Without foolproofing, 
tolerance variations caused by reversing or rotat- 
ing the part indiscriminately must be taken into 
consideration when calculating minimum clear- 
ances or minimum stock for machining. This is 


especially true with ordinate dimensioning, Fig. 12. 


Drill Spots: For noncritical applications, holes 
may be economically produced in cast parts by 
casting drill spots. These drill spots should have 
an included angle of 100 degrees plus or minus 2 
degrees so that the body of the drill will be prop- 
erly supported before the point begins to cut. This 
will minimize any additional tolerance caused by 
the drill not following the true center of the drill 
spot. 


Dimensioning: Best practice is to dimension to 
actual surfaces in preference to intangible sur- 
faces or centerlines. Holes and complete diameters 
are exceptions to this practice. In most instances 
this will enable the inspection department to use 
available tools rather than special time consuming 
setups, Fig. 13. 


Tolerances: For obvious economical reasons it is 
best to use the most liberal tolerances that design 
requirements will allow. Actually, the cost of 
most manufacturing processes may be measured 
in terms of tolerances—this is also true in cast 
and machined items, The draftsman, designer and 
engineer should be able to justify economically the 
use of any tolerances tighter than plus or minus 
0.015-inch. Unnecessary tolerances add hardship 
and scrap to the manufacturing burden. Tight tol- 
erances should not be put on drawings because a 
particular manufacturing process is capable of pro- 
ducing parts to these tolerances, nor should they 
be placed on drawings with the “safety factor prin- 
ciple’—when a part needs a particular tolerance 
relative to mating parts, a tighter tolerance is put 
on drawing so that if manufacturing exceeds the 
tolerance by a small amount the part would still be 
good. Conversely, once a tolerance has been es- 
tablished it should not be relaxed because a partic- 
ular tool did not produce parts to the required 
drawing tolerance. A thorough investigation of all 
parts affected must be made before any tolerance 
is loosened. The only justifiable tolerances are 
those which, when exceeded, would render the part 
unusable. 


Tolerances and General Specifications: The fol- 
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lowing data show typical tolerance values for 
light-mass die, investment and sand castings. They 
are not intended to be restrictive; they are not the 
absolute minimum obtainable and should not be 
used if a broader tolerance is satisfactory for the 
application. 

DiE CASTING PROCESS: For die castings, such as 
those shown in Fig. 14, produced in aluminum the 
general tolerances can be specified as follows: 

Linear: The preferred tolerance is plus or minus 
0.010-inch up to 6 inches, over 6 inches allow an 
additional 0.002-inch per inch. However, plus or 
minum 0.0015-inch per inch may be held, but not 
less than plus or minus 0.002-inch for any dimen- 
sion. 

Angles: The preferred tolerance is plus or minus 
1 degree, but in some instances plus or minus 4 
degree may be obtained. 

Additional Tolerances: Additional tolerances of 
plus or minus 0.005-inch should be allowed for 
moving die parts. A minimum of 0.005-inch radius 
should be specified for threads and serrations. 

Edges: An edge from 0.012 to 0.015-inch may be 
obtained provided a gradual taper is used and 
there is no abrupt section change. 

Draft: The draft on diameters or cross-sectional 
dimensions on inner walls and cored holes should 
be 0.012-inch for the first inch of diameter plus 


Fig. 12—Flat plate design which includes 


a foolproof feature is shown at a while an 


undesirable design without is indicated at 5 
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DIMENSIONING CASTINGS 


0.002-inch for each additional inch of diameter 
times the depth in inches. For example, with a 
1% inch diameter hole 1% inches deep, total draft 
equals 0.012-inch plus 1% times 0.002, or 0.013-inch 
per inch of depth. The total draft would be 14% 
times 0.013 or 0.020-inch. Outer walls should have 
a minimum draft of % degree per side. (0.009- 
inch per inch.) 

Flatness: The flatness of a part should be cal- 
culated as 0.0015-inch times the length of the 
longest dimension. 

Holes: Holes may be cast to a minimum of 0.100- 
inch diameter. A depth of four times the diameter 
should not be exceeded. 

Wall Thickness: A preferred minimum wall thick- 
ness of 0.050 to 0.060-inch is desirable for small 
castings (less than 6 x 6 x 6 inches). Generous 
tapers should be utilized to join thick and thin 
sections. 

Machining Allowances: After all dimensions in- 
volved have been calculated, using the worst pos- 
sible combination of their tolerances, an additional 
0.015-inch minimum should be allowed. A nominal 
amount of 1/32 to 3/64-inch is generally a!lowed 
for machining purposes. 

Fillets: A fillet of 1/32-inch minimum radius is 


Fig. 13—Preferred dimensioning to 
tangible surfaces is shown at a. 
That at 6 is undesirable practice 
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desirable on all inside corners. 
Ejector Pins: The permissible location and area 
for ejector pins should be indicated on drawings. 


INVESTMENT CASTING PROCESS: For castings of 
the variety indicated by Fig. 15, cast in aluminum, 
brass, monel, or stainless steel, tolerances to ob- 
serve are: 

Size: The most practical application for this 
process is for one or more castings capable of fit- 
ting within a cylinder 5 inches in diameter and 6 
inches long. 

Linear: A preferred tolerance is plus or minus 
0.005-inch per inch. However, on dimensiors of 
34-inch or less, plus or minus 0.003-inch is allowed. 

Angles: The preferred tolerance is plus or minus 
1 degree, but in some instances plus or minus \, 
degree may be specified. 


Additional Tolerance: An additiona! tolerance of 
plus or minus 0.005-inch should be allowed for di- 
mensions across parting lines or gated surfaces. 

Edges: An edge from 0.012 to 0.015-inch may be 
obtained provided a gradual taper is used and there 
is no abrupt section change. 


Draft: In general, no draft is required but, in 
some instances, it is advantageous to have from 
4 to 1 degree draft per sidewall. The drawings 
should specify those surfaces which functionally 
can or cannot have draft. 

Flatness: Flatness should be calculated as 0.002- 
inch times the length of the longest dimension. 

Holes: Holes may be cast to a minimum of 3/32- 
inch diameter. The depth of a blind hole should be 
equal to or less than the diameter. Through holes 
should not exceed a depth of three times the di- 
ameter. 

Wall Thickness: A preferred minimum wall thick- 
ness of 0.050-inch is desirable. However 0.035-inch 
may be obtained on small areas. In all cases uni- 
form walls are preferred. The thickest practical 
section is 1 inch. Generous tapers should be util- 
ized to join thick and thin sections. 


Fillets: Minimum fillet should be 1/64-inch radius 
and where possible 1/16 to 44-inch. 
Machining Allowance: After all dimensions in- 


volved have been calculated using the worst pos- 
sible combination of their tolerances, an additional 


Fig. 14—A group of typical instrument diecastings. In 


each case the part shown on the left is machined 
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Fig. 15—Above—Typical instrument invest- Fig. 16 — Beiow — Sand castings em- 
ment castings discussed showing the as-ma- ployed in instruments. Machined 
chined part on the left in each instance castings are shown on left of each 
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DIMENSIONING CASTINGS 


0.015-inch minimum should be allowed. A nominal 
amount of 1/32 to 3/64-inch stock is generally al- 
lowed for machining purposes. 


Parting Lines: When parting lines are not per- 
missible on critical areas, this should be indicated 
on drawing. 


SAND CASTING PROCESS: With sand cast alumi- 
num, brass and magnesium parts somewhat sim- 
ilar to those shown in Fig. 16 the general toler- 
ances can be summarized as follows: 


Linear: The preferred tolerances on dimensions 
up to 6 inches are plus or minus 1/32-inch, over 6 
inches and up to 10 inches are plus or minus 1/16 
and over 10 and up to 15 inches are plus or minus 
3/32-inch. In general, as many dimensions as pos- 
sible should be fractional. Decimal dimensions 
should be avoided. 


Angles: The preferred tolerance is plus or minus 
2 degrees, but in some instances plus or minus 1 
degree may be held. 


Additional Tolerances: An additional tolerance 
of plus or minus 1/64-inch should be added to di- 
mensions produced by cored sections or across 
parting lines. 


Edges: An edge from 1/32 to 3/64-inch may be 
obtained, provided a gradual taper is used and 
there is no abrupt section change. 


Draft: A draft of from 1 to 2 degrees per side 
should be specified on simple castings. For com- 
plex castings it is usually desirable to submit first, 
drawings without draft, and obtain the recom- 
mendations of pattern and mold makers before 
specifying on the final drawings. 


Holes: Holes may be cast to a minimum of 14- 
inch diameter; the depth of a blind hole should 
not exceed its diameter. 


Wall Thickness: A preferred minimum wall thick- 
ness of 14-inch is desirable, however 1/16-inch may 
be obtained on small areas. In all cases uniform 
walls are preferred. Generous tapers should be 
utilized to join thick and thin sections. 


Fillets: Minimum fillet should be 1/32-inch ra- 
dius and where possible 1/16-inch to \%-inch. 


Machining Allowance: After all dimensions in- 
volved have been calculated using the worst pos- 
sible combination of their tolerances, an additional 
1/32-inch minimum should be allowed, A nominal 
amount of 1/16-inch finish stock is generally al- 
lowed for machining purposes. 


General Rules: To summarize, the overall rules 
to observe in dimensioning castings for most effec- 
tive results are then as follows: 


1. Base line on the casting drawing is the surface 
from which the initial machining is started (one 
for each plane). 

2. Base line on the machining drawing is the line 
indicating the surface from which additional 


110 


machining is started (one for each plane). 

3. In selecting a base line for the casting and the 
machining drawings, co-ordinate with those who 
are to provide the various tools. 


4. Have only one base dimension in each plane— 
this is a dimension from the base line on the 
casting drawing to the base line on the ma- 
chining drawing. Add note to identify the base 
dimension by stating on the machining drawing 
“start machining from this surface’’. 


5. When there are diameters on a casting to be 
machined, the base dimension is replaced by a 
note which connects the base diameter of the 
casting with the base diameter of the machined 
part. This note is placed on the machining draw- 
ing and is expressed by a concentricit require- 
ment in total indicator reading. When dimension- 
ing from centerline, identify the centerlines as 
being the axes of these base diameters. 


6. All dimensions on casting and machining draw- 
ings should be from the base line (except on 
fitted parts). 


. Never machine off the base surface that was 
established on the casting drawing. 


=~] 


8. Always indicate with the proper roughness sym- 
bol the surfaces that are to be machined. 

9. Use as many fractional dimensions as possible 
—be able to justify the use of any toleraces 
tighter than + ,;-inch. 

10. Dimension to actual surfaces rather than to 
centerlines—except for complete diameters. 

11. If the casting is symmetrical, create an un- 
symmetrical surface, cutout, boss, etc., to orient 
the part relative to detail drawing for layout, 
tooling and inspection purposes when critical 
clearances are involved. 


12. Include casting drawing number and pattern 
letter for identification purposes. Place on sur- 
face that will not be machined. 


Conclusion: The application of these principles 
in making drawings of cast items will result in 
many important advantages. Complicated casting 
drawings can be made efficiently by draftsmen with 
but a few years’ experience. Drawings will not be 
subject to varying interpretations, by drafting, en- 
gineering, manufacturing, inspection and others 
who use them. Personal opinion will be replaced 
by clearly indicated requirements. Initial drawings 
will require fewer revisions. Drawings will be di- 
mensioned for harmony of product and tool re- 
quirements. For proper design application and 
clearance purposes all cast and machined surfaces 
will be referenced to some other relative surface. 
Cost of final product will be reduced because, by 
proper selection of tolerances on each detail draw- 
ing, unnecessary scrap and other manufacturing 
burdens will be lessened. Separate drawings of the 
casting and machined part will clearly define the 
requirements of each. And, of equal importance, 
draftsmen will produce better all-round drawings, 
because this dimensioning technique may be ap- 
plied to parts produced by other manufacturing 
means, such as forging, sintering, punching, ex- 
trusion, turning etc. 
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P LANETARY BALL DRIVE for stepping-up 
shaft speeds cuts down transmission noise and 
compensates automatically for effects of wear. 
Developed by McCulloch Motors Corp. for a 
new automotive supercharger design, the drive 
employs spring-loaded balls instead of conven- 
tional planet gears to increase impeller shaft 
speed 4.4 times that of a pulley driveshaft. 
Mounted between a stationary split outer race 
and a machined inner race on the impeller 


Lai 
= —\{ CEERI 
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shaft, the balls are driven by arms rigidly fas- 
tened to the pulley shaft. Constant “meshing” 
of the balls is assured by coil springs which 
preload the split outer race against the inner, 
automatically taking up any wear and main- 
taining quiet operation. 


































Exastic FLOW CONTROL in a pump designed for 
corrosive or abrasive fluids eliminates conventional! 
gaskets or check valves and prevents fluid-to-metal 
contact. In the Vanton “flex-i-liner’’ pump, a rubber 
or synthetic flanged liner actuated by a rotor, offset to 
provide pumping action, and mounted in a plastic or 
hard rubber body is employed to provide rated outputs 
up to 20 gpm and pressures up to 60 psi. High cor- 
rosion resistance and freedom from fluid contamina- 
tion are assured by the design which seals off the fluid 
passage from contact with moving parts. In opera- 
tion, the liner is self-lubricating and the flexing action 
provides a self-priming effect during starting. 











Tusurar VALVE PLUNGER without from one chamber to another. Tendency 
lands or other surface irregularities reduces of parts to creep or crawl during operation 
wear and facilitates production of a control is eliminated by the construction which 
valve developed by C. B. Hunt and Son Inc. maintains a balanced force distribution. In 
The design has been simplified by a unique addition, metal-to-metal seating has been 
porting arrangement in which fluid flow is avoided, minimizing friction and improving 
guided through the interior of the plunger sealing effectiveness. Suitable for air, hy- 
draulic or vacuum 
applications, the 
design can handle 
pressures up to 125 
psi at temperatures 
up to 150 F. 
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On E-MILLIONTH SECOND SHUTTER AC- 
TION is attained with a unique light polarizing 
shutter which has no moving parts. Developed 
by Edgerton, Germeshausen & Grier Inc. for 
the Atomic Energy Commission, the Rapatronic 
camera operates on the principle of the Faraday 
effect in which a magnetic field is employed to 
rotate a beam of polarized light and provide 
instantaneous exposures of about 0.8 microsec- 
ond in duration. 
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In operation, the shutter is triggered by a 
photoelectric cell. Light pulses, either from 
the subject or a separate flash unit, generate 
a signal to release the energy in a high-voltage 


F LOATING FLUID JOINT for connection of 
reciprocating members operating under sigh 
loads simplifies assembly and minimizes trouble- 
some effects of angular and lateral misalignment. 
In a design developed by Byron H. Leonard for 
high-pressure pumps, a fluid cushion is employed 
to transmit power from the driving crosshead 
to the piston rod on the compression stroke. 
Misalignment is absorbed by a bellows-type dia- 
phragm which connects a plug on the end of the 
piston rod with the crosshead and acts as the 
fluid seal. To relieve strain on the diaphragm 
during the return stroke, the rod is driven by 
means of rigid fingers or channels mounted to 
the crosshead. Pressure developed in the fluid 
chamber which determines the necessary wall 
thickness and flexibility of the diaphragm, can 
be varied by changing the size of the plug on the 
piston rod. Compared to conventional mechan- 
ical connections, the design eliminates stiffness 
due to joint friction and reduces possibility of 
damage to packings. 









Unpolarized light 


source —————“> 


Polarizer 


S_ 


condenser-discharge circuit, producing a short- 
duration high-peak magnetic field around two 
crossed polarizers which normally block light 
from entering the camera. Under the influence 
of the magnetic field, the plane of polarization 
is rotated, effectively ‘opening’ the shutter. 
For high intensities of illumination, a third 
polarizer is frequently required to reduce pas- 
sage of light with the shutter closed; however, 
this addition increases power requirements four 
times and necessitates a larger power supply. 
A high-quality photographic image is produced 
by the design which has been applied success- 
fully to the study of nuclear detonations. 
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ting, as for any prestressing method, is sub- 

stituting favorably distributed stress for 
weight of material and thus increasing the effective 
range of elastic operation of a machine or struc- 
tural part. The intent may be to increase the 
elastic range of operation of a pressure vessel, to 
increase the fatigue life of a wheel and axle as- 
sembly, or perhaps to strengthen an extrusion die. 
In many instances a low-cost material, weak from 
the standpoint of inherent strength, can be used 
in a prestressed condition to accomplish the same 
results as a more expensive, higher strength ma- 
terial. 

Shrink-fit constructions are well suited to a 
number of different design situations, such as re- 
placeable liners in pressure vessels, or strengthen- 
ing of a liner by a shrunk-on shell which helps 
retard crack propagation. Its versatility is also 
demonstrated in assemblies composed of materials 
having different properties or degrees of corrosion 
resistance, such as a shrunk-on steel shell over a 
copper or aluminum liner, in which maximum 
utilization is made of the properties of both ma- 
terials. 

In this article, equations for calculation of prin- 
cipal stresses and shrinkage allowance, in which 
the geometry of the assembly is arbitrarily deter- 
mined and stresses calculated on the basis of this 
geometry and the properties of the materials, will 
be reviewed. In additi.a, however, methods will 
be given for determining the best (optimum) geom- 
etry so that maximum performance may be ex- 
pected with minimum weight of material. Examples 
are also given of such design methods applied to 
two-shell shrink-fit type pressure vessels, 


Ts FUNDAMENTAL basis for shrink fit- 


Basic Theory: Fundamentals of shrink-fit theory 
are covered by analyses of heavy wall cylinders 
subject to internal and external pressure.!-* Fab- 
rication procedures involved, lubrication of shrink- 


1. References are tabulated at end of article. 
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fit assemblies, preparation of contact surfaces and 
similar manufacturing problems! will not be con- 
sidered here. 

Cross sections of various types of shrink-fit con- 
struction, Fig. 1, are (1) hub and solid shaft under 
sorink-fit pressure only, Fig la, (2) hub and hol- 
low shaft under shrink-fit pressure only, Fig. 1b, 
(3) two-shell vessel with internal pressure and 
shrink-fit pressure, Fig. 1b, and (4) hub and 
shaft subjected to shrink-fit pressure and centri- 
fugal forces, Figs. 1c and 1d. In all cases the com- 
ponent parts are not necessarily of the same ma- 
terial. 

In producing a shrink-fit type of construction, 
it is common to heat the outer component in order 
to expand it perhaps 0.003-inch beyond the inter- 
ference on the diameter, and then slip it over the 
inner component while expanded. The temperature 
differential through which the outer part must be 
heated in order to obtain the required expansion 
is (see Nomenclature) 

t; & = i. bata (1) 
; a d; 

To increase the temperature differential or decrease 
the high temperature of the outer component, the 
inner component of the assembly may also be cooled 
so that it contracts. If cooling only is used then, 
instead of Equation 1, 


ad; — d; 
- (t — t)) = —-—-_............ (2) 
; a d; 


The approximate size change, per inch of length 
or diameter, which occurs when parts are heated 
or cooled is shown on Fig. 2.* To determine size 
change for a given material on heating or cooling, 
start on Fig. 2 at the temperature specified, follow 
across the graph horizontally to the material in 
question, then follow the vertical lines to read the 
size change per inch of dimension. The size change 
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_.How increased efficiency of structural and machine 
parts—particularly important with present trends 
toward higher operating pressures, temperatures 
and speed—can be more economically obtained 
by using materials in their optimum stressed 
condition. 


Nomenclature 


Bore radius of hollow cylinder, inches 
Interface radius or outside radius of inner 
component of two-shell shrink-fit assembly, 
inches 

Outside radius of outer component of two- 
shell shrink-fit assembly, inches 

Final diameter of cylinder, inches 


= Initial diameter of cylinder, inches 
- Modulus of elasticity when £; E., psi 


Modulus of elasticity of inner component 
of two-shell constructions, psi 

Modulus of elasticity of outer component of 
two-shell construction, psi 

Axial force, pounds 

Coefficient of friction between shell and liner 
Torsional coefficient of friction 
Acceleration due to gravity, in./second? 
Constant (Equation 14) 

(b2 + ¢?)/E, (c? b?>) + p,/E, + (a? 
b-) /E; (b? a*) B/E; 

Length of fit, inches 

Constant (Equations 58-60) 

(1 B-)y w°/gE 

Shrink-fit pressure, psi 

Optimum shrink-fit pressure, psi 

Internal pressure, psi 

Maximum internal pressure, psi 

Optimum internal pressure, psi 

External pressure, psi 

Wall ratio, c/a 

Wall ratio, b/a 

Ratio outside to bore radius for monobloc 
cylinders 

Variable radius in cylinder, inches 

Hoop stress in cylinder, psi 

Hoop stress in inner component of two- 
shell shrink fit vessel, psi 

Hoop stress in outer component of two- 
shell shrink-fit vessel, psi 

Tensile yield strength of inner component 
of two-shell vessel, psi 

Tensile yield strength of outer component 
of two-shell vessel, psi 

Radial stress in cylinder, psi 
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- Radial stress in inner component of two- 


shell shrink-fit vessel, psi 


- Radial stress in outer component of two- 


shell shrink-fit vessel, psi 


S8,; = Shear stress in inner component of two- 


shell shrink-fit vessel, psi 
Shear stress when s,; = 8,», [/Si 


330 — Shear stress in outer component of two- 


shell shrink-fit vessel, psi 
Tensile yield strength where 5s; So PSi 


- Torque, lb-in. 
= Final temperature, F 

= Initial temperature, F 

- Radial deformation of cylinder, inches 

- Radial deformation of inner component of 


two-shell vessel, inches 

Radial deformation of outer component of 
two-shell vessel, inches 

Radial deformation when r b, inches 
Linear velocity at r c, in. /second 

w/C 

Coefficient of thermal expansion, in./in. 
deg F 

Density, 1]b/in.* 

Radial shrinkage, inches 

Optimum radial shrinkage, inches 

Change in radial shrinkage 

Poisson’s ratio 

Poisson’s ratio for inner component of two- 
shell construction 


= Poisson’s ratio for outer component of two- 


shell construction 


= 3.1416 
— 8,/8;j 


Angular velocity, radians/second 











per inch multiplied by the length of diameter of 
the part gives the total size change. 


EXAMPLE 1: A 6-inch diameter steel shaft is to 
be cooled from room temperature to —310 F. Start 
at —310F, follow horizontally across to the line 
for steel, then down to read approximately 

-0.0018-in./in. Multiply this size change per inch 
by the diameter of the shaft. The result, —0.0018 
x 6 = 0.0108-inch, which is the total size change 
cooled from room temperature. To determine the 
diameter of this shaft at --310F, subtract the 
total size change from the diameter at room tem- 
perature. The result, 6.0 —0.0108 = 5.9892 inch, 
is the diameter at the assembly temperature. 


Fig. 2 may also be used to determine the temper- 
ature to which a part must be heated or cooled to 
effect a specified size change, 


EXAMPLE 2:° To shrink a 5-inch diameter steel 
shaft 0.005-inch for assembly. Dividing the total 
shrink required by the diameter, the shrinkage must 
be 0.005/5 = 0.001-in./in. of diameter. Using the 
curve in Fig. 2, start at —0.001 inch, and follow 
up to the line for steel, then across to the temper- 
ature scale. The chart shows that the part must 
be cooled from room temperature to approximately 
—150 F. 


For those materials not covered in Fig. 2, Equa- 
tions 1 and 2 may be used. 
EXAMPLE 3:° Assume a ring of 10 inch inside 


dianieter of a material having a linear coefficient 
of thermal expansion of 0.000007-in./in./deg F. 





Fig 1—Cross sections of vari- 
constructions 


ous shrink-fit 





Hub and solid shoft 
(a) Two-shel!, with or without 


internal pressure 
an 


(b) 
Hub and solid shoft, 
rotating 


{c) 


i) 











Two -shell, rotating 
(a) 















































This ring must be heated from room temperature 
(68 F) to 500 F to make a shrink assembly. By 
Equation 1 


dy 


a d;(t; ian t;) a d; 
= 0.000007 (10) (500 
10.03024 inch 


68) +10 


I| 


which is the inside diameter of the ring when 

heated. 

Some physical and mechanical properties of 
common materials that may be encountered in 
making shrink-fits are listed in TABLE 1. In this 
table only properties are included for annealed 
material, in which it is assumed that no residual 
stresses are present which would influence shrink- 
fit calculations. Steels tempered to 1000F or 
higher usually contain fairly low heat-treatment 
residual stresses. However, caution must be ex- 
ercised in noting mechanical properties because, 
as shown on Fig. 3, properties vary with section 
size. Consequently, for heat-treated materials 
particularly, the properties noted should be in re- 
ference to the size of the part involved. 

As a result of the shrinking operation, stresses 
are induced in the component parts from the shrink- 
fit pressure generated at the interface. As shown 
in Fig. 1b, for example, the effect is such that the 
outer member is subjected to internal pressure and 
the inner member to external pressure. The prin- 
cipal stresses for a cylinder under internal and 
external pressure are* 











ap; — c? Po (p sis Po) a? c? 
4 = — + (3) 
c2 — a? (et — &) 
and 
a2 p; — c2 (pi — Po) a? c? 
- Pi Po _ Pp Po (4) 





c2 — a? r2 (c? — a?) 


For the inner component, which is under external 





Table 1—Properties of Common Materials 
(Annealed) * 


Tensile Yield Modulus of 
Strength Strength Elasticity 





Material 





(1000psi) (1000psi) (million psi) 

Commercial bronze (90 Cu, 10 Zn). 37.5 11.5 17 
Commercially pure copper ......... 31.5 10 16 
WOO GND Siecictcdccccascsctncss WH 35 26 
Commercially pure nickel ......... 70 20 30 
SED. Dec ccvsanccseecseen ED 5 10 
Se GE kcictdeccescscincne 14 10.2 
Red brass (85 Cu, 15 Zn) ......... 40 15 15 
Yellow brass (65 Cu, 35 Zn) ...... 48 18 14 
Aluminum bronze (92 Cu, 8 Al).... 70 25 15 
Beryllium copper ...............-. 70 30 18 ‘4 
ee ee GS Sci cv se ceicddcccisae’ & 40 30 
ee Se GD, 6. ee 0b cvccsesecesne:. oe 48 30 
ee Se OD caxcncoescestéabice Se 50 30 
eee ee GD ees ccsetocsccededss. Oe 52 30 
ee EE Si encd ne eecc ccededes 95 59 30 
EO ee 60 30 
Ce Ge OS ik da ccwcnccce casence 109 67 30 





*An approximation for Poisson’s ration is «—(E/2G)—1 where G 
is the shear modulus of elasticity. Coefficient of thermal expansion 
varies depending-*@F temperature and can be found in standard 
handbooks. 
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pressure, the principal stresses by Equations 3 and 
4 become 








p; b* a’ 
eo ( 1+ ) (5) 
be a re 
Pp bz a= 
3,,=— : ( 1 —- —— ) (6) 
be a r2 


If the inner component is a solid shaft then a = 0 
and 


3, — 8 — : P; . (7) 


that is, the hoop and radial stresses are uniformly 
compressive throughout the shaft and equal in 
magnitude to the shrink-fit pressure. 

The outer component is under internal pressure, 
and the principal stresses according to Equations 
3 and 4 are 


p; b2 c 
Pe i —s ) (8) 
oc — & r2 


~ c2 
_ ( 1 neat ) (9) 
c? — > r2 


The various stress distributions obtained are shown 
in Fig. 4. 

In order to calculate the shrinkage, the amount 
of radial deformation involved, must be known. 
This deformation is 


1-4 ( a pi — C* Do ) 

.= ——— _ 5 eS 
E c2 — a? 
itp (<= Pi — Po ) 
E Tr / c2 — a2 


For a composite cylinder, Equation 10 is applicable 
to both parts; p; and p, represent the shrink-fit 
pressure, for example, and b would be substituted 
for c for the inner component, etc. The shrink- 
age allowance is the total deformation involved and 
is equal to the absolute sum of the individual de- 
formations of the inner and outer parts, that is, 
the shrinkage allowance A is 











(10) 





A= /|u4u;+ %,| (11) 

Before considering practical design cases and 
calculations, a few cautions in using the shrink- 
fit type of construction should be mentioned. First, 
it is necessary to know exactly the initial stresses 
in the components before assembly. If high resid- 
ual stresses due to heat-treatment are present, 
for example, they must be taken into account in 
the design equations; otherwise the stresses and 
deformations obtained will not be in accordance 
with those calculated.5 Shrinkage temperatures 
over 500 F may have an annealing effect on certain 
steels tempered to a high hardness level. High 
thermal gradients at the instant of contact of the 
components may induce high thermal stress and 
accompanying plastic flow if the stresses are above 
the yield strength of the material. Freezing of 
shells on liners or shafts before complete assembly 
is also an inconvenience frequently encountered. 
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SHRINK FITS 


Dimensional tolerances must be accurately con- 
trolled because stresses set up in shrink fitting 
are directly dependent on the accuracy of machin- 


ing. 


Calculation of Shrink-Fit 
Assemblies 











Design for Shrink-Fit Pressure Only: Simplest 
case to be considered is when shrink-fit pressure 
only is taken into account; the effects of internal 
pressure and centrifugal forces are not present. 
Four general situations are covered. 

1. DIFFERENT MATERIALS—HOLLOW SHAFT: In 
the general case, the assembly is a two-part sys- 
tem, each part having different physical properties. 
The assembly is held together by a shrink-fit pres- 
sure, p;. The outer component has a Poisson’s ratio 
of », and an elastic modulus of E,; the inner com- 
ponent has properties designated », and E;. Such 
an assembly might, for example, be a steel shell 
on a brass liner. 

In accordance with Equations 3 and 4 the hoop 
and radial stresses can be computed. These equa- 
tions, however, are not sufficient to define the 
value of the shrink-fit pressure, consequently the 
deformations involved must be considered. By 
Equation 10 the radial deformation for the inner 
cylinder is 





=", =— + pw; )b 12) 
Urp — Uj E, yay hi ( 
Deformation for the outer cylinder is 

b2 + c? 
in Se (——<- +m) (13) 
c2 — b2 


BE, 


Total shrinkage allowance according to Equation 
11 is the absolute sum of the individual deforma- 
tions; thus, summing Equations 12 and 13, 


1 b2 + c2 
a=»b{ — (=> +m) + 
1 a2 + b2 
— (4-3 = «) | 
= pok (14) 


From Equation 14 the shrink-fit pressure is 


A 


— bE 


(15) 


2. SAME MATERIAL—HOLLOW SHAFT: For the 
special case where the two components are of iden- 
tical materials, Equations 14 and 15 become re- 
spectively 


2 p; b8 (c2 — a?) 


E(c? — b2) (b2 — a?) 














AE (c? — b?) (b? 
y= —_—_ 
" 2 b3 (c? - 


a-) 


catia (15a) 
a=) 


3. DIFFERENT MATERIALS—SOLID SHAFT: As an- 
other special case, if the inner component is a 
solid shaft, then a 0 and Equations 14 and 15 


become 
P a c2 + b2 1— yp; 
A b | ( — a . ] (14b) 
WL a Seow ) E 
: 15b) 
—_—— ( 
Ps z= c2 + Bb? ), 250 
b | - - —+ gf, |} T- - 
E, c2 b- E; 
4. SAME MATERIAL—SOLID SHAFT: If the solid 


shaft and hub are made of the same material, 
Equations 14a and 15a become 


Optimum Design: The previous analyses do not 
include the concept of an “optimum” design—that 
is, a design to give maximum performance with 
minimum material. In order to arrive at the best 
conditions the shear stress distribution in the com- 
ponents must be investigated. 

1. SAME YIELD STRENGTH—DIFFERENT MATERIALS 
—HOLLOW SHAFT: For the inner shell of a two- 
shell system the maximum hoop stress is at the 
inner surface, and the maximum radial stress is 
at the outer boundary. Since the hoop stress is 
always greater than the radial stress, and both 
stresses are negative, the maximum shear stress is 


A ( — 2b 
2K 


b2 — a2 ) 


For the outer shell the maximum hoop and radial 
stresses occur at the interface; consequently 


8, = + ... (16) 








































































































2 Py bc2 
oes (c2 b2) E (14¢) : A b2 + c? A + Ac 
eS See oi pee eee em Se ee 1 (17) 
AB (ct — 3°) 20K \ c2— b? bK = BK (c? — b?) 
pj =- (15c) ; , , 
2bc2 For optimum design, maximum shear stress 
Fig. 2—Size change due to heating or cooling 
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values should occur simultaneously in the inner 
and outer parts. In addition, this shear stress 
should be the shear stress at the elastic limit if 
full advantage of the material is to be realized. 
With this condition as the criterion, Equations 16 
and 17 are equated in order to solve for the opti- 
mum value of the interface radius 0b; it is found 
that 


b = Vac . . (18) 


Substituting the value of b given by Equation 18 
into Equations 16 and 17 gives 


—A y ac 
8,5 = ——— ne (16a) 
Ka(c — a) 
and 
Ac 
Seo —_____—_—__—— (17a) 
K vy ac (c — a) 
However, since in tension the maximum shear 


stress is equal to one-half the normal stress, Equa- 
tions 16a and 17a can be written as 


8; Av ac 

3 ctitesatlcmmatiiaadiebiiain (16b) 
2 Ka(c— a) 

and 
i Ac 

—— = —_____—__ (17b) 
2 zx v ee (e — @) 


The value of the shrinkage allowance A can be 
obtained from either Equations 16b or 17b. If the 


Fig. 3 — Variation in yield strength 
with section size of quenched steels 
tempered at 1000 F 
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SHRINK FITS 


yield strengths of the components are the same, 
then s; = 8, = 8, and the optimum shrinkage and 
shrink-fit pressure are determined. 

The maximum shear stress theory has been 
utilized as a criterion for specifying the limit of 
elastic behavior of materials because of its conven- 
ience. It has been shown,’ however, that the Dis- 
tortion Energy Theory more closely fits the facts; 
consequently it is convenient to use the latter 
theory for the final results. The two theories differ 
only by a factor; thus where the shear theory in- 
dicates s,/2 the corresponding value in terms of 
the more exact theory is s,/ V3. For all following 
calculations the shear theory will be used because 
of its simplicity, but the final answers will be in 
terms of the Distortion Energy Theory. Accord- 
ingly, for the case at hand, the optimum values 
are 











ac eo-er\f 1 a+c 

A=ag——{ -)| - ~ (+a) 

; 3 Cc E, c—a 

1 ate 

a — w) | 5 : senes Qe 

E; e¢~-<«é 

Sy c—a 
Py = — . i es a ee 

v3 \ c 


2. SAME YIELD STRENGTH — SAME MATERIAL — 
HoLLow SHAFT: Again, if the elastic constants 
are the same for both parts then the optimum 
shrink-fit pressure is expressed by Equation 20, 
and the optimum shrinkage becomes 


ac ct+a 
A= 3y¥——( ) ee Tr 
F 3 Ec 


Under the conditions imposed, so long as the 
yield strengths of the components are the same, 
the optimum geometry is defined as 





—_ = ‘ a ee 22 
> P- (22) 





that is, the ratios of the outside to inside radii 
are the same for both parts. Actually, the condi- 
tion expressed by Equation 22 holds for a con- 
struction of any number of shells. 

3. SAME YIELD STRENGTH — SAME MATERIAL — 
SoLiIp SHAFT: In the case of an assembly having 
a solid shaft and constant yield strength through- 
out, the shear stress (Equations 16 and 17) in the 
shaft is always less than in the shrunk-on shell; 
consequently no specific optimum can be designated 
for this condition. It is shown later that an opti- 
mum design can be found for the case where the 
shaft is mechanically weaker than the hub. 

4. DIFFERENT MATERIALS — DIFFERENT YIELD 
STRENGTHS—HOLLOW SHAFT: Another important 


case is that of a shrink-fit assembly in which the 
yield strengths are different in the component 
parts. For this type of construction, as for others 
already discussed, the elastic constants can be 
When elastic 


different for the component parts. 
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constants are different, the maximum shear stresses 
are given by Equations 16 and 17. For optimum 
design the maximum shear stress values should be 
the same in both parts, thus 


S30 
835i reas —= S50 
835i 


or, using the values of yield strength given by 
Equation 16d and 17b, Equation 23 becomes 





(23) 


(24) 


8,5 9 — Sze 


Substituting Equations 16 and 17 into Equation 24 
gives the optimum value of the interface radius as 





c2(¢—1) tecvVec*(¢—-1)2+4¢a2 
2¢ 


(25) 





Equation 25 defines the optimum interface radius 
for a two-shell shrink-fit construction in which the 
yield strength, modulus and Poisson’s ratio are dif- 
ferent in the component parts. This value of b 
substituted into the following equations gives new 
equations for defining optimum conditions, thus, 


8, K 
pm. (b? a’) 


beV 3 


(26) 


Fig. 4—Stress distribution in assem- 
blies subjected to shrink-fit pressure 
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8,(b2 — a?) 


bg V3 


oPy = (27) 


5. DIFFERENT YIELD STRENGTHS—SAME MATERIAL 
—Ho.titow SHAFT: When elastic constants are the 
same for all components 

2 s,b(c? — a?) 


¢E vy 3 (c2 — b2) 





(28) 


0 





By = — - (b? — a?) (29) 


ob2 V3 
6. DIFFERENT YIELD STRENGTHS—DIFFERENT MA- 
TERIALS—SOLID SHAFT: For a construction in which 
the inner component is a solid shaft, the value of 
a in Equation 26 becomes zero and 
1 


b=c (30) 





¢ 


Equation 30 is valid only for values of 6 > 1 which 
means that if the solid shaft is made of material 
having a lower yield strength than that of the 
shrunk-on material an optimum design can be ef- 
fected; consequently, for the case of a hub on a 
solid shaft the optimum shrinkage is obtained by 
substituting the value of b from Equation 30 into 
Equation 26, with a = 0. The optimum shrink-fit 
pressure is 


So 


V3 


(31) 





7. DIFFERENT YIELD STRENGTHS—-SAME MATERIAL 
—Souip SHAFT: For designs with a solid shaft in 
which the yield strengths of the components are 
different but the elastic constants are the same, 
oP; is given by Equation 31 and, using Equation 30, 


28,C y "Te 
EV3 ¢ 


A = (32) 





Design for Shrink-Fit Pressure Plus Internal 
Pressure: Basically, the development of design 
formulas for pressure vessels is analogous to those 
previously considered; with added internal pres- 
sure, however, different conditions of maximum 
shear stress are involved. 

1. SAME MATERIAL — SAME YIELD STRENGTH: 
Starting with the simplest case in which the yield 
strength, elastic modulus and Poisson’s ratio are 
the same for both components, and using the Lame 
theory for cylinders it can be shown that the max- 
imum shear stresses in the inner and outer com- 
ponents are, respectively, 


c2 b2 
c2 a2 b2 
830 = oe [ Pi ( aan” ) + P; ( Pr} cy ) ] (34) 


c2 — a- 
Optimum design requires that maximum shear 
stress values occur simultaneously in both parts; 
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consequently equating Equations 33 and 34 gives 


the relation 





(35+ ere} 
Py c2 — b2 b2 — a2 


c2 a2 
= m| ———(a- )] oT 
c2 — a2 b2 


In order to obtain the maximum shear stress in 
each component it is necessary to solve Equation 
35 for p,; and then substitute back into Equation 
33 or 34. This operation gives 


Then, using Equation 36, and the condition that by 
the Distortion Energy Theory of failure 








b? c2 ] oie 
2 b2 c2 — (bt + a? c2) 


3s, = : ‘ - be ateuten (37) 





it is found that the maximum allowable internal 
pressure that the compound vessel can withstand is 


2 Sy 1 b2 a? 
an >. ~~ 1-—( + ) (38) 
V3 2 c b? 








The optimum value of the interface radius b is 
found by differentiating Equation 38 with respect 
to b and equating to zero. In the optimum case 


b= Vac. . (39) 


Substituting the value of b given by Equation 39 
into Equation 38 gives 


2 Sy a 
Kh = — (1 - ) : .. . (40) 
V3 c 


Equation 39 indicates that for optimum results the 
ratios of the outside to inside radii of both com- 
ponents are equal. 

Knowing the optimum value of the interface ra- 
dius is, however, insufficient for design; it is also 
required to know the optimum shrinkage involved 
so that proper premachining of cylinders can be 
accomplished. Noting Equations 15a and 39, the 
optimum shrink-fit pressure is given as 












Yield Pressure to Yield 
Strength Ratio 
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Fig. 5—Elastic-breakdown characteristics of heavy-wall cylinders 
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AE c-—a 
a- - oe ( ) eee ae a die ce a - . (41) 
2 Vv ac ct+a 


Also, from Equations 15a, 40 and 41 


— 2 r —]1)2 
Sy [ (c — a) j= Sy | (ik ee (42) 








oP} ai 











cV3 ct+a RV3* R+1 

and 
2 sy ac c—a 2 sya 

re ( )=—Ew-n . (43) 
E 3 c Ey 3 


2. SAME MATERIAL—DIFFERENT YIELD STRENGTHS: 
The foregoing is valid only if the material and 
properties are constant throughout the assembly. 
In many cases, however, the component parts have 
different properties. If the elastic constants are 
the same for both parts but the yield strengths are 
different, then for optimum design Equation 35 
takes the form 


[of ake he 


ae (az) +o lege) 
= = 5 — +- —_—__—_—_- (44) 
R,? P R2-1 / Py R? — R,? 


With Equation 44 defining the value of p,, and 
by using this value of p, in Equations 33 or 34 and 
37, the maximum internal pressure which can be 
sustained by the compound cylinder without elas- 
tic failure is 





(45) 








8j 1 R,? 
mPi = —-(1+9- - #) 
V3 R;? R? 
Differentiating Equation 45 with respect to b and 
equating to zero gives the optimum interface ra- 


dius as 





b2 = el PETE ES ee ‘ era (46) 
V¢ 

or 
RK 

R;* SS SE UE se RSE S48 ee Oh ESR prin (47) 
V¢ 


Two-shell shrink-fit -Equation 38 


Monobloc —Equation 57 





6 7 8 9 10 




























Substituting Equation 47 into Equation 45 gives 
the optimum internal pressure, or maximum inter- 
nal pressure based on optimum conditions to just 
avoid yielding of the assembly; thus 


oPi (48) 


Using Equations 48 and 15 with proper substitu- 
tions to solve for K the optimum shrink-fit pres- 
sure and shrinkage become 


8; 


oP — (Ri? ¢ — 1)? (R— V¢) (49) 
Rv 3 (R2-1) 
and 
2 s\b RV¢-¢ 
oA — — - 
ER vy 3 a V¢ (R-2 + 1) R (og T 1) 
[1 + R(R¢ — 2V ¢)] (50) 


3. DIFFERENT MATERIALS—SAME YIELD STRENGTH : 
When yield strengths are the same in the two parts 
but the elastic constants differ, the equations used 








4, DIFFERENT MATERIALS — DIFFERENT YIELD 
STRENGTHS: Similarly, for the case where both ma- 
terials and properties are different, 





2 8; 1 + V 
mPi = —~(- —_— 1a : ) ihe . (54) 
V3 2 R 
ac R 
oe = = —— or R;* = _—— ae ve (55) 
V¢ 7? 
8 ‘isi 
oPy = ————_——— (2. ¢ — 1)2(R — V$) .. (49) 
Rv 3 (R* — 1) 
sibk ies 
oA = ————_—_—- (R24 — 1)2(R — V ¢).. (56) 


R vy 3 (R2—1) 


Summary: Because of the number of equations 
involved, they have been summarized in TABLE 2. 

The practical use of the foregoing theory is dem- 
onstrated by tests conducted at the Du Pont Engi- 
neering Research Laboratory. Cylinders were fab- 
ricated having ratios of outside to bore radius of 
2.75 and 4.00. Two cylinders were of monobloc 
type construction and the other two were of the 
two-shell shrink-fit type. Mechanical properties 






































are 
and pertinent geometrical data concerning these 
as 28, , a ) 28, ( R (51) cylinders are presented in TABLE 3. In testing the 
vs * c V3 R assemblies the ends were sealed,* and curves of ex- 
— ternal surface hoop strain versus internal pressure 
b = (52) were plotted. The initial portion of the pressure- 
8, (c — a)? Sy (R — 1)? strain curve is linear in accordance with Lame 
oP} | Drags J Pp bel Pare ] (42) theory, but at the beginning of yielding of the 
cylinder, deviation from linearity occurs; this pres- 
S,, ac (c — a)? J sure is called the ‘“elastic-breakdown pressure.” 
. ( y 3 | Sa This value can be predicted with fair accuracy both 
i for monobloc and shrink-fit type cylinders as shown 
1 er ¢ . : 
| = ( ee lt ) in TABLE 4. For the monobloc cylinders 
1 ( at+e n) | (53) D; = m. &. ~} : (57) 
E c a i Ro” 
2 SE CL ETE 
Table 2—-Summary of Design Equations 
Shrink-Fit Pressure Only 
Assembly Shrink-Fit Pressure Shrinkage 
General Optimum General Optimum 
Hollow shaft 
(1) ZZ; E., pi Bos Si — So 15a 20 14a 21 
(2) E; E., i Mos 81 3 8 154 29 14a 28 
(3) E;+ E., Bi FF Bos 8; FF 8 15 27 14 26 
(4) BEB, pix bo 8 — % 15 20 14 19 
Solid shaft 
(1) 15¢ 14c 
(2) 15¢ 31 14c 32 
(3) 15b 31 14b 26, 30 
(4) 15b 14b 
Shrink-Fit plus Internal Pressure 
Assembly Shrink-Fit Pressure Shrinkage Internal Pressure, Max 
General Optimum General Optimum General Optimum 
(1) 15a 41,42 43 38 40 
(2) 15a 49 14a 50 45 48, 54 
(3) 15 49 56 45 48, 54 
(4) 15 42 53 38 51 
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For the shrink-fit cylinders, as shown in TABLE 3, 
the shells and liners had different mechanical prop- 
erties; consequently the optimum shrink-fit inter- 
ference was calculated using Equations 46 and 47. 
Having the required interference, the temperature 
differential required in order to expand the shell by 
the amount of the interference was calculated using 
Equation 1. The pressure at elastic failure can be 
calculated from Equation 48. 

Through utilization of the previous concepts, de- 
sign characteristics of the two types of construc- 
tion can easily be compared. Characteristics of 
two-shell shrink-fit vessels under internal pressure 
when the materials and properties are the same for 
both parts will be used as one case; monobloc con- 
struction as the other. The elastic response of 
both monobloc and two-shell vessels under internal 
pressure is shown in Fig. 5. The ordinate can be 
considered as representing the elastic-breakdown 
pressure, while the abscissa represents the ratio of 
outside to bore radius (wall ratio). The curve for 
the monobloc cylinder shows that little, if any, 
gain can be expected in elastic-breakdown pressure 
by increasing the wall ratio beyond about 3.50 or 
4.00. By shrink-fitting some advantage is gained, 





Table 3—Properties and Geometry of Test 
Cylinders* 





Mw hl Vw hi 





Property or Shrink-fit Shrink-fit 
3 4 





Dimension 1 2 

BP GD 0.0% d4eceiediowss 1.501 1.377 1.498 1.374 
Ce MD aie aacacaaevane 4.128 5.502 4.128 5.502 
Interface diam (in.) .... seca sane 2.50 2.75 
Overall wall ratio (in.). 2.75 4.00 2.756 4.01 
Liner wal] ratio (in.)... ee wen 1.67 2.00 
Shrinkage (0.001-in./in.) kone ooee 2.84 3.49 
Yield strength, shell 

CReee DEED sccrccceses 125 113 125 125 
Yiele strength, liner 

Pr re ome maki 103 103 





*“Cr-Ni-Mo-V steel, quenched and tempered at 1100 F. 


SHRINK FITS 


particularly in the low wall ratio range; however, 
the advantage tapers off at about a wall ratio of 
6 or 7. The shrink-fit construction is always bet- 
ter than the monobloc, however, and becomes twice 
as good at infinite wall ratio, In order to deter- 
mine the equivalence of the two types of construc- 
tion, Fig. 6 shows the wall ratios required for both 
types of vessels to give the same elastic-breakdown 
pressure. The latter curve shows, for example, 
that a monobloc vessel of wall ratio 6.00 can be 
replaced by a two-shell shrink-fit type of wall 
ratio 1.95. Similar curves can be constructed for 
the case where either the materials are different or 
the mechanical properties of the two parts are 
different. For example, the elastic-breakdown pres- 
sure can be increased over one-third by increasing 
the strength of the outside shell from 0.5s; to 1.25s;. 


Miscellaneous Shrink-Fit 
Problems 











The important miscellaneous shrink-fit problems 
such as effect of centrifugal forces, axial and tor- 
sional holding ability have been previously treat- 
ed;! however, for completeness here a brief review 
will be made of some of the salient features. 


Effect of Centrifugal Forces: Shrink-fit assem- 
blies are often used in applications where high 
speeds are encountered; consequently it is neces- 
sary in design to take this effect into account in 
shrink-fit calculations. The effect of rotation is to 
develop high centrifugal forces which tend to 








Fig. 6—Equivalence of monobloc and shrink-fit pressure vessels 
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Wall Ratio, Shrink- Fit Vessel 

















change the shrinkage between the two parts and 
thus influence the interface pressure. 

1. SAME MATERIAL—HOLLOW SHAFT: The com- 
pound cylinder can be considered as composed of 
two parts, an inner component which develops a 
radial deformation at b of u; and an outer com- 
ponent which develops a radial deformation at b 
of u,. From the theory of elasticity’ these deforma- 
tions are 





8 1+4u 
3 + 
ard ( — *)] (58) 
1 a? 
Nb 
u - [b? (1 np) + c2 (3 + pg) ] (59) 
4 (1 hu) 
where 
ye 
N (1 27) ——- (60) 
gE 


The change in shrinkage because of centrifugal 
action is 


A’ Ho bi (61) 
which gives 
byV? a? 
v— (3+ #) (1- a (62) 
4gE c2 


2. DIFFERENT MATERIALS—HOLLOW SHAFT: When 
the elastic constants are different in the two parts, 


b2 
49g ce 


Yi a’ b2 ) 
[ (3 + pi) — + (1 — gi) — | } 
EE, & ce c2 J 


J 2b { Yo | 
(3 q Bo) ‘ (1 Ky) 
E, 


(63) 


3. SAME MATERIAL—SOLID SHAFT: For the special 
case of a solid shaft, a 0 in the above equations 
and 

V2 by (3 + pw) 
a’ = Rect 
495 


(64) 


4. DIFFERENT MATERIALS—SOLID SHAFT: For dif- 
ferent materials in the hub and shaft, 





A’ tt { | (3 + po) + (1 — po) Ross ] 
4g E, c 
Oat a ee \ (65) 
E; c2 


From the standpoint of optimum design, centrifu- 
gal action has an influence on purely static cal- 
culation. Calculations should therefore be made to 
determine if optimum conditions can be maintained 
at operating speeds. This is done by noting the 
change in shrinkage that occurs as a result of ro- 
tation, as expressed by the above equations, and 
determining if the change is compatable with the 
development of an optimum shrinkage. 

If the inner component has a lower modulus 
of elasticity than the outer component, rotation 
increases pressure at the interface; it may be pos- 
sible initially to prepare the assembly with a cor- 
responding de rease in shrinkage so that, at oper- 
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Table 4—Comparison of Actual and Calculated 
Resulis for Test Cylinders 


Elastic Breakdown Pressure 








Construction Observed Calculated Deviation 
(1000 psi) (1000 psi) (percent) 
MEPMGEENO 2 ccecccccscese & 63 —4 
D2 sipécceeccce ie 71 +9 
SE OD. ncesasecscce OE 82 8 
GEE. D natscamesdenn 85 96 13 


ating speed, optimum conditions will be realized. 

If the outer component has a lower or the same 
modulus of elasticity, the two parts tend to sepa- 
rate during rotation, and the interface pressure 
decreases. In this case, optimum design at oper- 
ating speed may not be possible since the initial 
increase in shrinkage, to compensate for the de- 
crease in shrinkage at operating speed, may result 
in plastic deformation of the assembly before oper- 
ation with accompanying redistribution of stress 
and departure from optimum conditions. 

A shrink-fit assembly made up of two hollow 
disks and subjected to centrifugal action is shown 
in Fig. 1d. In order to determine the conditions 
under which the two components would separate, 
the deformations involved must be considered. The 
radial deformations at the interface due to cen- 
trifugal action are given by Equations 58 and 59. 
The same deformations due to the shrink-fit pres- 
sure are given by Equations 12 and 13. The con- 
dition for loosening is thus 


Equations 58 + 12 = Equations 59 + 13 (66) 


Axial Holding Ability: The axial force which a 
shrink-fit assembly can withstand without separa- 
tion of the parts is 


F = 2aLbp;f (67) 


For determining various degrees of axial holding 
ability (with the coefficient of friction known) the 
value of the shrink-fit pressure in Equation 67 
can be replaced by its value as given by previous 
Equations. 


Torsional! Holding Ability: The torque which a 
shrink-fit assembly can withstand without relative 
movement of the parts is given by 


T = 27Lb2p;f’ (68) 


The coefficient of friction in torsion must usually 
be found by experimental determination.': ® 
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Stimulating 
Invention by 
ENGINEERS 


By Richard H. MacCutcheon 
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ONTINUED success of many companies re- 
quires invention by their engineers, whether 
the ultimate end is cost reduction, increased 

reliability or entirely new products. Engineers are, 
of course, paid a wage or salary for just such in- 
vention, but may not perform at full efficiency if 
their efforts do not receive adequate recognition. 
Often patents will be found to be the only form of 
recognition available to certain employees. 


Positive Policy: When a company has an affirma- 
tive patent policy which urges its employees to turn 
in their ideas for patent purposes, its engineers 
have an understanding of the patent system and 
of its requirements. Employees know that inven- 
tion is a part of their duties and that the company 
realizes that there are ways of improving upon the 
present product and way of doing things. A defin- 
ite patent policy gives employees a feeling that they 
are participating in the growth of their company 
and the industry of which it is a part. 

A positive patent policy can also provide valuable 
information to speed invention or design. More 
than 2,600,000 issued U. S. patents form an im- 
mense storehouse of technical knowledge. Deter- 
mining how the other fellow did it and starting 
where he left off releases time for more useful en- 
deavors. 

A patent search which uncovers relevant expired 
patents will indicate the availability of disclosures 
which may be used as they are or used as a basis 
for new improvements. Discovery of relevant ad- 
versely owned unexpired patents may well stimu- 
late original design because of the necessity of 
designing around such patents. 

Design may be stimulated and speeded by using 
the patent system to uncover what others have 
done and to protect whatever the company is cur- 
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rently doing. It is then not necessary to charge a 
development cost to one particular machine. 


Negative Policy: A company which says, “Why 
bother with the patent situation? We’ll go ahead 
anyway,” says in effect, that it does not believe in 
the patent system, or the capabilities of its em- 
ployees, or both. Such indifference on the part of 
the employer may engender indifference in the 
minds of its employees, or alternatively may lead 
to company thinking which is out of step with the 
thinking of its employees. The company’s engi- 
neers, at least, will inherently know or soon find 
out that excellent inventions can be commercially 
wrecked if they are improperly handled and that 
even a small advance in a field may be made sur- 
prisingly valuable if properly handled. 

The company without the detached objectivity 
of a patent policy (or a reaily workable suggestion 
system) does not stimulate the free flow of ideas 
from its employees. Anyone who has progressed 
up the rungs of a company management ladder 
can testify that the routine channels of organiza- 
tional communication are not usually adequate or 
suited to such purposes. However, consultation 
with the company’s own patent lawyer regarding a 
new idea will not only be accepted but appreciated. 


Summary: The patent system may be used to 
stimulate invention while serving its many other 
purposes commercial, financial, psychological and 
technical. This may have a salutory effect on the 
scientific worker because it gives meaning to the 
real work of invention. Additionally, engineers who 
consult a patent attorney at various stages of a de- 
velopment will probably find that the attorney can 
often help, stimulate and guide the lines that the 
particular developnient should take. 
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Giant Machine Cold Reduces 18-inch Tubing 


O VER 100 feet long, a new tube ~>1ucer being built by E. W. Bliss 

Co. for the Tube Reducing Corp. has a moving saddle weighing 
150 tons and two hydraulic pumps capable of delivering up to 4000 
horsepower, said to be the largest of their type ever produced. The 














































machine can cold reduce tubing from 
10 to 18 inches in diameter to pro- 
duce finished tubing 9 to 16 inches 
OD. 


Basis for the machine is the meth- 
od of cold-reducing tubing shown. 
Fundamentally, the process consists 
of passing rolls or dies with tapered 
grooves over the tubing, which is sup- 
ported by a mandrel. Each groove 
is slightly larger than the ingoing 
tube at one end and equal to the 
finished-tube size at the other. The 


tube wall is thus reduced between the mandrel and the rolls in a series of in- 


termittent longitudinal passes. 


To prevent ovality, since each pass compresses 


the tube elliptically rather than as a true circle, the tube is rotated about 60 
degrees after each pass and fed in slightly. 


Four principal sections make up the whole 
machine: (1) the tube feeding equipment, (2) 
mandrel handling equipment, (3) the roll 
housing section—saddle and side frames, and 
(4) drive for the saddle. 

To obtain controlled tube feeding, since the 
tube is not moved through the pass by the 
action of the rolls, one end of the tube is se- 
cured in a vise on a crosshead. The crosshead, 
free to move on ways approaching the rolls, 
contains a hollow spindle through which the 
mandrel rod passes, with the vise mounted on 
the end of this spindle. The crosshead can 
be moved to or from the rolls at 70 fpm 


Feed motor Crosshead 
‘\ 


Mondrel 
rod 


Vise motor 









Feed Pe 


screw (2) 





rv 


Wath il 


Turn shoft 


Tube 





for preliminary operations, or can be ad- 
vanced in increments of 0.1 to 0.5-inch with 
the advance timed by cams. A pair of non- 
rotating feed screws advance the crosshead, 
driven by feed screw nuts at the rear of the 
crosshead ways. These nuts are driven by a 
single 200 horsepower piston-displacement hy- 
draulic motor operating at 2000 psi, and 
equipped with a decelerating feature to pro- 
vide for high inertia. A large accumulator 
containing compressed nitrogen gas at 2000 










Saddle 















Mandrel 
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to 3000 psi provides uniform pressure. 

The tube is turned at three points—by the 
crosshead vise, by a vise on the tube at the 
outlet, and by the mandrel. Uniform turning 
is accomplished by 325-horsepower hydraulic 
motors, one arranged to turn both the man- 
drel and a hexagonal shaft running the length 
of the crosshead travel which rotates the 
crosshead vise, and the other to turn the 
outlet vise. 

Since the mandrel bar must be withdrawn 
and reinserted through each new tube, the 
rear end of the bar is mounted on a slide 
which can be pulled back by a hydraulically 
driven chain at 75 fpm. It is locked in place 
for accurate positioning by a pair of hydrau- 
lically operated slides which push it forward 
against an adjustable stop. 


Weighing 150 tons, the saddle resembles a 
50-inch mill roll housing equipped with four 
36-inch wheels which suspend it from rails 
7 inches above the pass line. Maximum 
travel is about 73 inches, permitting the 50- 
inch rolls to rotate slightly 
less than 180 degrees. Corner 
posts, 10 inches in diameter, 
contain Calrod heating units 
so that they can be expanded 
lengthwise by heating; after 
the nuts are tightened, cool- 
ing and consequent shrinkage 
creates a large compression 
preload on the saddle frame 
to resist separating forces. 

Top roll position is fixed, 
and the bottom roll is adjust- 
ed vertically toward the pass 
line by hydraulic cylinders 
acting like jacks under the 
roll bearing chucks. Since the 
dies run face on face, the cyl- 
inders can be preloaded to 
maintain position up to a spe- 
cific maximum separating 
load. SKF double-roller 
spherical bearings, 48 inches 
OD, weighing 5150 pounds 
each, and having.a load rat- 
ing of 3.2 million pounds, are 
used. Top roll is driven by 
gears’ engaging stationary 
racks, with synchronizing 
gears running the .bottom 
roll; , 
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Requirements for the reciprocating 
saddle drive included variable length 
stroke, adjustable position of shortened 
stroke, progressive shortening of stroke 
at a controlled rate, and speed variable 
as a function of stroke length for maxi- 
mum production. To add to the problem 
was the tremendous load on the drive 
system necessary to accelerate and de- 
celerate the 150-ton saddle. 

Saddle reciprocation is accomplished 
by a pair of 13-inch hydraulic cylinders 
operating at a working pressure of 2200 
psi, and requiring 5400 gpm of oil. Each 
cylinder is driven by a pump developed 
by Waterbury Tool Co., with equalizing 
lines maintaining co-ordinated move- 
ment. Reversal of flow is accomplished 
without valves or accumulators by con- 
trolling flow from the pump. A servo- 
mechanism controls length and fre- 
quency of the stroke. 

Pumps are driven through a 4.83 to 
1 speed reducer by individual 700-horse- 
power synchronous motors. Flywheels 
on the high-speed shafts of the speed 
reducers, and the saddle itself, constant- 
ly store and supply energy back to the 
system, with the stored energy passing 
alternately from the saddle to the fly- 
wheel and back. Without such a sys- 
tem, a 7500-horsepower motor might be 
required. In case of a jam, the saddle 
can be cut loose, by means of overload 
safety valves, from the stored energy of 
the drive system. 
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Each of the two pumps can de- 
liver up to 2300 gpm in either di- 
rection of flow at up to 3000 psi 
and will operate as either a pump 
or hydraulic motor. Of the axial- 
piston, variable-displacement, re- 
versible angle-plate type, the 
pumps each have 13 cylinders us- 
ing 4-inch diameter pistons. The 
pump moves from zero to full 
stroke during the first half of the 
saddle movement in one direction, 
and from full stroke to zero in the 
second half, during which time the 
pump runs as a motor and acts as 
a brake. 

Rate and direction of oil flow de- 
pend on angle of the wobble plates. 
The wobble plate crosses the neu- 
tral axis at the beginning of the 
stroke, and full angle of tilt is 
reached at the middle of the 
stroke, giving maximum flow. As 
the wobble plate moves back to- 
ward’ the neutral position, inertia 
of the saddle causes back pressure, 
which causes the pump to act as a 
motor and slows down the saddle. 

A servomechanism controls wob- 
ble-plate motion, with the phase 
shift between the saddle and 
pump providing the _ control- 
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ling force. Stroke length and frequency are con- 
trolled by the same mechanism through the speed 
and angle at which the wobble plates are moved rela- 
tive to saddle motion. The control mechanism pro- 
vides any speed from zero to 45 cycles per minute. 






















Photo, courtesy, 








General Electric Co. 


Fig. 1—Both volume and 
weight reduction result 
from the new NEMA 
standards. Motors shown 
here are old and new 2- 
horsepower models 





More Horsepower in Less Space With 


(National Electrical Manufacturers Associa- 
tion) standards become available this month 
(see p. 204, Nov. and p. 262, Dec., MACHINE DE- 
SIGN). These new motors will produce more horse- 
power in a given frame size than previous motors, 
Fig. 1. In some instances size reduction will be 
more than 50 per cent by volume with weight re- 
duction of as much as 40 per cent. Despite these 
large reductions in both volume and weight, the 
motors will satisfy the same performance standards 
of temperature rise, torque and starting current 
limitation. 
What advances in motor building techniques per- 
mit such drastic reductions in size and weight? 


Fixct electric motors meeting the new NEMA 


Table 1—Comparison of new and old frame sizes 

of polyphase, squirrel cage, general-purpose 

open-type and totally enclosed fan-cooled motors 
in the 1 to 30-hp range 








Hp Open-Type TEFC 

New old New old 
1 182 203 182 203 
1% 184 204 184 204 
2 184 224 184 224 
3 213 225 213 225 
5 215 254 215 254 
7% 254U 284 254U 284 
10 256U 324 256U 324 
15 284U 326 284U 326 
20 286U 364 286U 364 
25 324U 364 326U 365 
30 326U 365 eee 404 

Note: ‘‘U’’ following frame number pertains to shaft size. 


Table 2—Suggested availability dates for motors 
meeting latest NEMA standards 








Frame No, Availability Date 
182, 184 Jan. 1, 1954 
213, 215 June 1, 1954 
254U, 256U Nov. 1, 1953 
284U, 286U April 1, 1955 
324U, 326U Sept. 1, 1955 


Superior synthetic insulating materials are a large 
contributor. Superior electric steels and lamina- 
tion treatments permit much higher field strengths 
for a given weight of steel. Improved die casting 
techniques produce superior aluminum squirrel cage 
motor rotors. Clever engineering applied to design 
of housings produces housings with greater 
strength per pound of metal. All these combine 
to produce smaller, TABLE 1, and lighter motors. 

Although the properties of copper conductors 
that are the most important part of the motor re- 
main the same, superior insulating materials pro- 
duce the effect of an improvement. Their lack of 
bulk allows more actual copper to be used by elim- 
inating much of the space previously taken up by 
bulky insulation. Cooling is also improved by the 
new insulation materials because heat transfer 
characteristics are better. 

Advantages to motor users and designers re- 
sulting from the rerating program include size and 


SESE ETS SCONE RRR ERS AT AT 


Table 3——New frame sizes for polyphase, squirrel 
cage, general-purpose horizontal and vertical De- 
sign A, B and C motors, open-type rated to 40 C 
temperature rise for 550 volts or less, 60 cycles 








Hp Speed (rpm) 
3600 1800 1200 900 720 600 
% abe re eae 182* P - 
y% ton sss 182* 184* owe oad 
1 eee 182* 184* 213* 213* 215* 
1% 182* 184* 184* 213* 215* 254U* 
2 184* 184* 213* 215* 254U* 256U* 
3 184* 213* 215° 254U 256U* 286U* 
5 213* 215 254U 256U 286U* 324U* 
7% 215* 254U 256U 284U 324U 326U* 
10 254U* 256U 284U 286U* 326U* 
15 256U* 284U 324U 326U 
20 284U 286U 326U 
25 286* 324U 
30 3248S* 326U 
40 326S* 


*Applies to Design A and B motors only. 
Note: U or §S following frame number pertains to shaft size or 


extension. 
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Fig. 2—Frame size numbers 
relate to shaft height and 
mounting hole location 





weight reduction, of course. Additionally, motors 
made in conformance with the new standards should 
be superior to previous motors in other respects. 
As an example of this, one motor manufacturer 
claims higher efficiency, higher full-load speed rat- 
ings and less motor noise for the new models, An- 
other quite welcome benefit forecast by a large 
motor manufacturer is the reduction of the* tend- 
ency of electric motor prices to follow the present 
inflationary curve, because of the elimination of su- 
perfluous, nonproductive masses of metal. 


NEN NECN REE NNER AHS ES FE CR RAEI 8 

Table 4—New frame sizes for single-phase, 115 

and 230-v 60-cycle ac, general-purpose, hori- 

zontal and vertical motors, open-type rated 40 C 
temperature rise 








Hp Speed (rpm) 
3600 1800 1200 
% <a er 184 
jim 184 213 
1% 184 184 215 
184 213 
3 213 215 
5 215 254U 
7% 254U 256U 


AE IR RE PR. OTTER ES KS SR TT IE 
Table 5—New frame sizes for polyphase, squirrel 
cage, horizontal and vertical Design A, B and C 
motors, totally enclosed, fan-cooled type rated 
55 C temperature rise for 550 v or less, 60 cycles 








Hp Speed (rpm) 
3600 1800 1200 900 720 600 
% we or ‘es 182* oe 
Sy — 192* 184* ose eae 
1 eee 182* 184* 213* 213* 215* 
1% 182* 184* 184* 213* 215* 254U* 
2 184* 184* 213* 215* 254U* 256U* 
3 184* 213* 215 254U 256U* 286U* 
5 213* 215 254U 256U 286U* 324U* 
7% 215* 254U 256U 284U 324U* 326U* 
10 254U* 256U 284U 286U 326U* 
15 256U* 284U 324U 326U* 
20 286U* 286U 326U* 
326U an 


25 326S* 


*Applies to Design A and B motors only. 
Note: U or S following frame numbers pertains to shaft size or 
extension. 
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Although a complete rerating program has been 
undertaken for all popular ac motors from 1 to 40 
horsepower, TABLES 3, 4, 5 and 6, only those in 
frame sizes 182 and 184 will be available this 
month, because of the substantial amount of en- 
gineering and retooling necessary for the produc- 
tion of the new designs. A suggested schedule, 
TABLE 2, for the production of the new types calls 
for one larger frame diameter at five month inter- 
vals starting in January, 1954. This schedule, if 
followed, would make the largest sizes available in 
September, 1955. 

NEMA FRAME SIZE NUMBERS: The first two digits 
of the NEMA frame size number are approximately 
equal to four times the shaft height, or distance 
from the mounting surface to the centerline of the 
shaft of a horizontal motor, The last digit of the 
NEMA frame size number is an indication of the 
distance from the center of the frame to the mount- 
ing holes measured parallel to the shaft. A 182 
frame motor, for example, Fig. 2, has a shaft 
height of 18/4 or 4% inches, or slightly less, so 
the exact height if necessary, can be obtained by 
shimming. The distance from frame centerline to 
mounting hole center for this frame is indicated by 
the third digit, 2, and is 214 in., according to the 
NEMA standard dimension chart. 


OLESEN ELEN EES ELLE LR IO IEDR ETE SS ALTERNA 
Table 6—New frame sizes for polyphase, wound- 
rotor general-purpose horizontal and vertical mo- 
tors, open-type rated 40 C temperature rise, 60 








cycles 
Hp Speed (rpm) 
1800 1200 900 
% eee eee 213 
1 eee 215 
1% ais 213 254U 
2 213 215 254U 
3 215 254U 256U 
5 254U 256U 284U 
7% 256U 284U 324U 
10 284U 324U 326U 
15 324U 326U aa 
20 362U ne 


Note: U following frame No. pertains to shaft size. 












ODERN developments in air- 
craft, and also in self-con- 
tained machines generally, 

firmly established the basic require- 
ment for some form of dynamic hy- 
draulic power reservoir. Earliest 
work in this field developed the in- 
flexible separator hydropneumatic 
accumulators and finally led to the 
latest flexible separator types. 
These offer maximum power out- 
put and reliability with minimum 
weight and size, features of increas- 
ing importance ir up-to-the-minute 
design of hydraulically actuated 
machines. 

Separator type accumulators re- 
quire no compressors or attach- 
ments to the gas chamber, nor is 
there any need for volume-dis- 
charge safety and regulation equip- 
ment, The mere elimination of this 
equipment compensates in many 
cases for the increased cost of mul- 
tiple separator type accumulators. 





INFLEXIBLE SEPARATOR TYPES 


Separator type hydropneumatic accumulators can 
be divided into two categories: (1) Inflexible pis- 
ton separator, and (2) flexible separator designs. 
In simplest form, the piston type resembles an ac- 
tuating cylinder. High-pressure gas is precharged 
into the open piston end of the accumulator and 
hydraulic oil is then charged into the rod end. In 
this type accumulator, the rod is used only to indi- 
cate the volume of oil in the accumulator. Since 
indicators are seldom required, the floating-piston 
type is much more popular. 


Floating Piston Designs: A typical floating-piston 
accumulator, developed for low-temperature opera- 
tion in aircraft, consists of a honed cylinder into 
which is fitted a free piston containing two O-ring 
packings to seal the air from the oil. In order to 
maintain a differential pressure between the O- 
rings, a second piston is sealed within the floating 
piston. The smaller piston is back-loaded by Belle- 
ville spring washers. Low-temperature grease 
completely fills the chamber occupied by the Belle- 
ville washers and leads to an annular groove be- 
tween the two O-rings. In this way, the pressure 
applied to the smaller piston works against the 
grease and is resisted by the Belleville washer, re- 
sulting in a pressure differential across each O-ring 
to provide adequate sealing. 

Disadvantages of the piston-type accumulator 
are that it is costly to build and has practical lim- 
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itations in size. Piston friction has a detrimental 
effect in pressure-regulator systems. It has been 
found that, over a period of time, oil leakage occurs, 
requiring that the unit be drained and recharged 
at intervals. Packings wear and require frequent 
replacement since normal leakage cannot be tol- 
erated. The piston-type accumulator, when used as 
a surge chamber or shock absorber, has proved to 
be unsatisfactory. Inertia and acceleration factors 
of the piston itself intensify pressure peaks. 


Differential Piston Designs: A differential piston 
type accumulator consists essentially of a large- 
diameter air cylinder mounted on top of a small- 
diameter oil cylinder, with the smaller piston butt- 
ing upward against the air piston. The air cham- 
ber contains a fitting to which a shop air line or 
compressor is attached. With commercial differ- 
ential piston type accumulators the air chamber is 
connected to an air tank and both units to an air 
compressor. The air tank makes it possible to keep 
the accumulator comparatively small as it allows 
complete exhaustion of the air. A unit having an 
oil capacity of 41% gallons and a minimum pressure 
of 2000 psi weighs 4500 pounds, has an air tank 
weight of 8400 pounds and requires a floor space 
of 11 by 3 feet. A 10-gallon hydropneumatic ac- 
cumulator with the same capacity weighs 170 
pounds, is 9 inches in diameter and 4% feet in 
overall length. 
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FLEXIBLE SEPARATOR TYPES 


Most recent developments in the accumulator 
field have proved that flexible-separator type ac- 
cumulators are the most practical from size, oper- 
ational, and cost standpoints. These accumulators 
can be divided into the following types: (1) Bel- 
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lows, (2) tubular-rubber, (3) rubber convoluted- 
diaphragm, (4) spherical, and (5) conical-bag. 


Mechanical Bellows Designs: This type unit con- 
sists of a dome-shape steel shell welded to a base- 
plate. A bellows is welded to the baseplate and is 
fully enclosed by welding the upper end of the bel- 
lows to a coverplate. An air valve is mounted on 
the wall in the upper end of the shell, and an oil 
inlet nipple is provided on the bottom of the base- 
plate. A tubular mechanical stop inside the bel- 
lows prevents collapse beyond a safe limit during 
air precharge. 

One disadvantage of this design is that under 
high cycling conditions the bellows fatigue. It has 
also been extremely difficult to obtain a practical 
bellows that can be placed in a large chamber and 
precharged to high pressures. These accumulators, 
however, have proved fairly successful in limited 
applications as surge chambers or shock stops 
where the bellows has a short stroke. 


Rubber Tube Designs: Tubular rubber accumu- 
lators have been designed primarily as surge damp- 
ers or desurgers. Such devices have been applied 
to oil pipeline systems by mounting in the discharge 
lines of single and multiple-stage reciprocating 
pumps. Generally, such units consist of a heavy- 
wall cylinder provided with end caps. A synthetic 











Normal cycles of the ba 
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rubber tube is mounted axially in this cylinder, and 
is backed on its inside by a perforated steel tube 
which contains end fittings for connection to the 
pipeline. The rubber tube is sealed on the end caps 
to prevent leakage from the outside of the tube to 
the inside. Gas is precharged through a valve on 
the outer cylinder into the chamber around the 
outside of the rubber sealing tube. The perforated 
tube prevents the rubber tube from collapsing. As 
the pulsating oil is pumped through the inside of 
the unit, the pulsations are absorbed in the air 
chamber. 


Diaphragm Designs: By far the greatest contri- 
bution to the development of diaphragm accumulat- 
ors was made in the aircraft industry where high 
efficiency and low weight are essential. One typi- 
cal aircraft accumulator is made of two hemispher- 
ical shells machined from chrome-molybdenum steel 
forgings. Acme threads lock the hemispheres se- 
curely clamping a convoluted diaphragm around 
the periphery. Another type of aircraft spherical 
accumulator consists of chrome-molybdenum drawn 
hemispherical shells welded at the periphery. In 
addition, the oil port and the end cap are welded 
to complete the shell. An open-end bag, placed in 
the shell, is clamped by a closure plug containing 
an air valve. A heavy welt molded around the 
horizontal diameter of the bag provides resistance 
to vertical bending, and prevents collapse around 
the periphery. 


Bag Design Accumulators: Invention of the con- 
ical fully-enclosed bag type started a new era for 
hydraulic operation, especially in mobile and air- 
borne equipment. This accumulator consists of a 
homogeneous, seamless, high-strength shell, cylin- 
drical in shape and spherical on both ends. This 
shell has an opening on one end to accommodate an 
air valve and an opening on the other end through 
which the bag is inserted. The fully enclosed pear- 
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shaped bag, made of synthetic rubber, is molded 
to an air stem. It is installed in the accumulator 
and mounted by means of a lock or jamnut on the 
upper end of the shell. A standard aircraft type 
high-pressure air valve is inserted into the valve 
stem. This air valve contains a high-pressure valve 
core, especially made to withstand a minimum pres- 
sure of 8000 psi. The valve core is further sealed 
after precharge by a high-pressure closure nut and 
the whole assembly is enclosed with an acorn-type 
cover nut sealed against an O-ring. 

Bottom end of the shell is sealed by a novel plug 
assembly which contains the oil port. This assem- 
bly consists of a split ring that seats inside the 
shell mouth and against which the shoulder of the 
plug assembly rests. A washer and O-ring is 
backed up against the split ring, and a closure nut 
butts against the outside of the shell and screws 
against the outside of the plug. This construction 
is used to insure safety and prevent accidents by 
making it impossible to disassemble the accumu- 
lator with a gas precharge in the bag. To prevent 
bursting under adverse conditions, the shell is de- 
signed to stretch at the mouth as the metal is 
stressed to its yield point, thus extruding the rub- 
ber O-ring and permitting release of the fluid pres- 
sure safely. 

A spider in the plug centers a poppet valve which 
is held open by means of a spring. The bottom of 
this poppet contains a piston and dashpot to effec- 
tively damp fast opening of the poppet under ex- 
tremely high flow conditions. The accumulator is 
first preloaded with air or nitrogen at a predeter- 
mined pressure. Oil under pump pressure then en- 
ters the accumulator through the oil port. The 
first drop of oil which enters the accumulator must 
displace an equal volume of air in the bag; there- 
fore, it must enter at the preload pressure of the 
air chamber. As more oil is pumped into the shell, 
the air in the bag is further compressed in such a 
way that the air pressure is always equal to the oil 





oil-air ratio of 3-to-1; (e) charging 


chargicg f 
cael ratio of 4-to-1; (f) ge = Engh ge cn bil-ats 
ratio of 5-to-1; and (g) sarang tis 






MACHINE DESIGN—January 1954 




















pressure, and the bag floats in equilibrium. Inas- 
much as oil under usual system conditions virtually 
is incompressible, the air or nitrogen under pres- 
sure acts as a dynamic force to maintain pressure 
in the accumulator and to force oil out when sys- 
tem requirements call for it. 

Operating principle of the bag is simple. It will 
be readily seen that the bag will stretch around 
the top at its greatest diameter and thinnest wall, 
and will gradually stretch downward and push the 
bag outward against the sidewalls, thus squeezing 
out the oil completely. In the ideal or molded con- 
dition the volume of air is one-half the total vol- 
ume. It has, however, been found very practical to 
compress the air in the bag at a ratio of 5-to-1, 
and what happens in a normal cycle is shown in the 
accompanying series of drawings. 

To meet various industrial requirements, this 
type of accumulator is produced in the sizes rang- 
ing from 2 cubic inches to 10 gallons. Larger ca- 
pacities are secured by connecting multiple units in 
any desired combination. Two pressure ranges are 
available—a medium-pressure series, 1000 to 1500 
psi, and a high-pressure series of 3000 psi. For spe- 








cial applications, units ranging from 50 psi to 10,- 
000 psi operating pressure volumes from 1 cubic 
inch to 100 gallon capacity nave been put into sat- 
isfactory service. These capacities are full air vol- 
ume, with the bag fully extended and no oil in the 
accumulator. A spherical accumulator recently 
developed along the same lines consists of a seam- 
less spherical chrome-molybdenum steel sheet with- 
out welds or joints. Following the principle of 
conical bag accumulator, the bag—molded fully en- 
closed on its air stem—is inserted into the shell and 
held in position by a suitable locknut. A closure 
plug contains a spring-loaded poppet which im- 
pinges against the bag and keeps it off the port 
opening until the oil is fully exhausted. The bag 
wall thickness increases gradually and follows the 
same Olaer patents and principles as in the conical- 
bag accumulator. 

To permit overall evaluation of accumulator types 
by characteristics, the accompanying chart provides 
comparative ratings. Selection can be made ac- 
cording to design requirements of the particular 
system contemplated. Advantages of the bag types 
are self-evident from the code ratings. 


Evaluation of Accumulator Types According to Characteristics* 





Flexible Separator Types————— 
Tubular Enclosed 








Weight Spring Non- Floating 
Type of Accumulator Loaded Loaded Separator Piston Bellows Diaphragm Rubber Bag 
Ce Us GE 6 ce cb te eS ertecsns tee ceeds ce Cueee 7 5 1 5 to7 5 1 4 1 
We WA, GNI 6 60.6. ence se 08 kee ne 0cesebutea'ee 6 5 1 a 5 1 5 1 
eS eee ere 7 5 i 1 2 1 1 1 
I i, ow ae ies diane eee hoe ecb Wonk hd 1 7 3 5 6 5 6 3 
Amount of extra equipment required ............ ‘ 2 1 7 1 1 1 1 1 
ee ee I ins creas cd's 3660 eed une ge 3 5 3 3 dq 3 3 3 
Preseare GOMETGL CRTOMMR GIGIS 2. ccc cc cccccscccce 1 6 5 5 6 5 5 5 
i SD cet cee ck addees ces ceeeeeba eer anes 6 6 1 1 2 1 1 1 
rs ena ons cae ck es ccpenddleew hes 6 6 1 5 6 6 q 3 
EE oc a cné gy Cages oaths tdeewsnedé gue eees 1 3 7 6 1 3 3 1 
EE 6. ck cea chedeiddeeenee he eehehodesonny 3 2 1 6 1 1 2 1 
Replacement parts availability and cost ........... 6 6 1 2 7 3 5 4 
RS are ee ee ae, ee 1 5 1 4 7 6 3 3 
I SE 6-6) a rine a. Gab ae ame e eee eee 1 1 6 5 2 6 6 2 
IE CI i dni ce cle eek aie edie Gidea ees 1 1 2 2 2 2 2 2 
DE, “A be kien nd ab KobeKehaneeteanedadccsis 1 3 6 1 4 3 3 1 
Sr Wie cuce ta whh Mid We bat ube wee San 6 1 4 2 2 2 2 3 
*Code: 1—Excellent, 2—Very good, 3—Good, t—Fairly good, 5—Fair, 6—Poor, 7—Very poor 
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Hand Generator Requires 
Low Starting Torque 

























G AID to be unique in hand generators, a feature of the 

new RWG-2308 hand generator of Holtzer-Cabot Div. of 
National Pneumatic Co. is a pole shoe arrangement which 
limits starting cranking torque to a maximum of 21% Ib-in. 
For use in field telephones and switchboards, radio con- 
trol units and other communication devices, and test sets, 
the generator meets U. S. Signal Corps requirements and 
is mechanically and electrically interchangeable with other 
types of generators. Approximately 2 9/16 inches in diameter and 2 15/32 
inches long, the generator produces an open-circuit voltage of 95 to 100 at 1.75 
watts and 20 cycles ac with a 200 rpm crank speed. 





Generator is essentially a two-pole Alnico per- 
manent magnet type, with the Alnico rotor fastened 
to the knurled shaft with babbitt. A speed in- 
creaser with 1 to 6 ratio provides a rotor speed 
of 1200 rpm with 200 rpm crank input. Bearings 
are phosphor hronze with oil feed from a built-in 
reservoir through felt wicks. 





Switch 4 
springs } 





























Asymmetrical pole shoe arrangement is responsible for 
the low starting cranking torque. Nearly all “cogging” 
and variable-torque characteristics are eliminated by the 
arrangement, which maintains constant reluctance in the 
magnetic circuit. 





Acoustical shock to the telephone receiver 
is prevented by allowing the line to discharge 





open, permitting a switch spring to make the 











its electrical energy (from ringing) before 
the talking circuit is established. A double- 
pole cut-in switch, actuated by a nylon but- 
ton, makes the change. Acceleration of the 
rotor shaft causes two governor weights to 











Ringing circuit 
Switch 
——e Talking circuit 


ringing contact. As the shaft decelerates, a 
spring pulls the weights together, and wedge- 
shaped faces on the weights cause the nylon 
button to return the switch spring to con- 
tact with the talking circuit. Instantaneous 
closure is prevented, however, by a dashpot 
which introduces a time delay of approxi- 
mately 14-second. 
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Fig. 1 — Bombsight servomechanism. 
Seven bellows are used to co-ordinate 
various elements and to compensate for 











altitude and speed changes 
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METAL BELLOWS 


Factors in their selection for temperature and 
pressure control or indication, motion trans- 
mission, shaft seals and other mechanical uses 


OSSESSING a rather unique versatility in 
P ecicn. metal bellows have long been used 

as pressure and temperature-sensitive ele- 
ments. But besides serving for control or regula- 
tion in thermal or pressure systems, Figs. 1 and 2, 
they have also proved effective for motion trans- 
mission, for seals around rotating shafts, and for 
flexible piping. 

A metal bellows might be thought of as an 
axially elastic pressure vessel. It is analogous in 
behavior to a helical spring, operating in compres- 
sion, and it is also relatively elastic in flexure. Ex- 
tension beyond free length is not recommended. 
For control and/or indication, a principal virtue of 
bellows is that they respond with appreciable mo- 
tion and force. Generally, for actuation of the 


Fig. 2—Right—Bellows assembly for Taylor Instru- 
ment Co. ratio controller. Such instruments are used 
to control or indicate temperature, pressure, rate of 
flow, liquid level, etc., according to a desired ratio 
or differential with another variable 
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next element in the control series, such as a valve 
or switch, no complex auxiliary apparatus is re- 
quired for amplification of either force or motion. 
Bellows are commonly available as standard compo- 
nents in a wide range of sizes with a variety of end 
designs and fittings. 

This article summarizes principles of different 
applications of bellows, the proper selection of bel- 
lows materials, determination of bellows propor- 
tions, basic types of bellows assemblies, and as- 
sembly methods as they influence bellows specifi- 
cation. 


Design for Temperature Control: Use of bellows 
as thermostats is well known by their common ap- 
plication in automotive engine cooling systems 
where they are situated in the flow path of the 
cooling medium and operate an integrally assembled 
valve. However, as thermostats, their most pro- 
lific use is for the remote control of temperature, 
proved in such applications as_ refrigerators, 
ovens, hot-water storage tanks, processing tanks, 
wax pots, solder baths, and various heating spe- 
cialties. 

For this type of service the bellows is connected 
with flexible capillary tubing to a thermal bulb 
which extends into the chamber or space to be 
regulated. The entire bellows, tube and bulb as- 
sembly is filled with the necessary thermo-sensitive 
gas or liquid. Variations in the temperature of 
the space to be regulated effect corresponding 
changes in the contained gas or liquid. These 
changes are transmitted through the tubing to 
the bellows which extends or retracts, actuating 
the switch or valve which governs the heat added 
to or subtracted from the space to maintain or 
restore the desired temperature. 


For different circumstances and temperature 
ranges, the necessary volume change is obtained 
from (1) expansion of an inert gas, (2) variation 
in vapor pressure of a volatile liquid, or (3) therm- 
al expansion of a nonvolatile liquid. Generally, 
these different physical principles are called into 
play according to the temperature being sensed 
or the magnitude of force required of the bellows. 

Gas EXPANSION: The gas-expansion principle is 
used in specialized controls which draw upon its 
ability to function at much higher temperatures 
than can be withstood by the vapor-pressure and 
liquid expansion type. For example, in a pilot 
flame control, an inert gas, such as helium, may 
function in the 900-1000 F range. 

For temperature under about 600 F when close 
control is required this type is not suitable, Even 
with a relatively large-volume bulb and a small- 
volume bellows, motion and force are only slight. 
With a temperature differential of as much as 15 
or 20 F, the volume change is so small that almost 
complete freedom from friction losses in the con- 
trolling device itself is required for operation. In 
a pilot control, however, temperature differential 
is unimportant and thrust of only a few ounces 
is required of the bellows to actuate the controlling 
device. 

VAPOR PRESSURE: The vapor-pressure principle 
is quite widely used at temperatures both above 
and below normal room temperatures. When a con- 
fined liquid is heated, vapor pressure is generated 
according to definite and predictable curves, Fig. 3, 
and is transmitted through the capillary tubing 
to the bellows, Fig. 4. 

In the design of vapor-pressure systems, several 
pertinent factors must be considered: temperature 
range, required sensitivity and upper pressure 











, Fig. 3—Left—Vapor pressure versus temperature for 

oer a few liquids used in vapor-pressure type bellows 
Sulphur dieide FS thermostats. Additional liquids are listed above the 
curves according to their approximate order 
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Fig. 4—Above — Typical bellows, capillary tubing 
and bulb assembly for vapor-pressure thermostatic 
operation 
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limit. These requirements must be met by the right 
combination of the volatile gas, sizes of bulb and 
bellows, and “fill” of the system. 

Differentiation in practice occurs according to 
whether the control is for temperatures below 
normal room temperature, above normal, or for 
both. For example, a control to operate at zero F 
must be charged with a thermal liquid having an 
active vapor pressure at that point, although the 
boiling point may be either below or above the 
control point. Methyl chloride would be a logical 
filling medium; it has a boiling point just under 
minus 10 F and a vapor pressure of 3 to 4 psig 
at zero F. However, its vapor pressure at 120 F 
is about 150 psi. When used in refrigeration equip- 
ment, this filling medium performs the control 
function satisfactorily, but produces excessive pres- 
sure for the bellows when there is no cooling as 
during shipment or storage of the unit. Two or 
three-ply bellows can be employed, but a more 
economical solution is to modify the temperature 
versus pressure curve of the bulb and bellows 
system. 

Such modification is introduced by limited filling 
of the system. That is, a volume of volatile liquid 
much less than the volume of the system, is so de- 
termined that if it will completely volatilize at a 
temperature just above the maximum desired con- 
trol temperature. Beyond that point, then, only 
gaseous expansion occurs at a relatively minute 
rate, Fig, 5. 


Fig. 5—Below — Curve of temperature versus 
thrust for “limited-fill” 11-inch bellows operat- 
ing with methyl chloride. Volatilization of the 
liquid is completed at about 50 F; only gaseous 
expansion occurs above 50 F 
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Fig. 6—Right—Typical liquid-expansion type bel- 
lows thermostat assembly with adjustment screws 
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Ambient temperature has no significant effect on 
“limited-fill” controls because the volatile liquid is 
contained in the bulb, which generally may be quite 
small. Expansion of the superheated fluid in the 
tubing and bellows is negligible. 

For service above room temperature, the system 
is entirely filled with a volatile liquid having a boil- 
ing point above or below but in keeping with the 
control temperature. If the boiling point is below 
the control point, as temperature increases, the 
liquid in the bulb volatilizes and the expansion is 
transmitted hydraulically, as it were, by the liquid 
in the tubing to the filled bellows. Actually, only 
a portion of the liquid in the sensing bulb is vola- 
tilized. 

In these systems the volume of the bulb definite- 
ly determines the amount of bellows stroke. The 
bulbs are designed to trap the vapor so that only 
liquid is forced into the tube. Irregular operation 
results if liquid and vapor are allowed to mix. 
Overtravel protection is provided inherently by lim- 
itation of bulb size. Controls of this type usually 
are unaffected by ambient temperature since only 
liquid expansion or contraction at a minute rate is 
involved in the tubing and bellows. 

If there is selected a liquid having a boiling point 
above the control point, the system then operates 
under vacuum up through the control point. Vacu- 
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um usually should be limited to about 15 inches of 
mercury. The virtue of vacuum operation is a “fail 
safe” feature in some applications, such as automo- 
tive thermostats, in the event leakage occurs in 
the bellows or elsewhere in a closed system. 
Universal Service: At temperatures both below 
and above room temperature universal systems can 
be designed that draw upon principles of operation 
of both the low and the high-temperature types 


Table 1—Coefficients of Thermal Expansion 


























Coefficient Freezing Boiling Max. Op. 
(in.*/in.*/deg F) x 10° Point Point Temp. 
0 1 2 (F) (F) (F) 
[NNN conc ec slow moale oo & oa -— 38 675 
H. T. A.’ © oe os dooce @ 4 oe wow ow oo a 672 600 
Glycerine - - —- — - - ~ «G- <= -- - = - - - - - 554 350 
H. T.C.* ~--~~-~-+-—--g@@m- 4 ------ 7 29 528 700 
H. T. B.? —-— - - — - ---M- + -------- 54 500 700 
Trichlorobenzene — ——|-— — MMB - -|- - - ----—} 45 415 450 
O-Toluidine ~~ — ~ ~ ~~ —~MMB- -}------- 7 3 392 450 
Ethylene Glycol - - - + --mm---}------4 - 388 350 
Aniline «ww ow ww oa —-—-§- —|— -—- - — — —4 - - 2 364 450 
0-Dichlorobenzene — - |- - --M - — - 2 357 450 
Chiorotoluene —- — — + — -—-Q- Tr - 3% 321 450 
Turpentine — . — ~ - ---@B--+-- ---- - 311 350 
Xylene —- —- —-—-+ --- r - 53 283 400 
Monochlorobenzene — — - - - - —- 50 269 450 
Glycerine-Water — — 4- - 48 235 350 
(62:38 vol.) 
Toluene — — — ~ — - - —139 231 400 
Water = - - —— -~ eee + 32 212 
Trichloroethylene —- | — — —- ggi— - - — —-+ — o9 1388 250 
Benzene —— — — —|--— ~~ - F242 176 500 
Ethyl Alcohol — — — + -174 173 250 
Carbon Tetrachloride -+---- rF - 9 170 250 
Methyl Alcohol — — —|— — —- + ~143 148 300 
Chieroform —~ — — - ~ 82 142 250 
Acetone — ~ — — — ~ 138 133 250 
F-lli3 —~-~—— — —|- —~—- gy + 31 118 250 
Methylene Chioride — ——-—-—--+ 142 104 300 
Ethyl Ether . — - r- —177 94 250 
F-ll----— — — r —168 75 250 
Ethyl! Chioride — - — 4 - ----—+ -218 55 350 
Fat ———--—-/- - + ~197 48 250 
Methyl Bromide 4 137 38 250 
Butane - — — — - - 211 31 400 
Sulphur Dioxide — } 105 14 800 
Isobutane — - — ~- l _-- 229 10 400 
Methyl! Chloride — — + —148 11 400 
PIS we @ = = = - 247 22 250 
Ammonia — — — — : gaan Tr iat 7 107 28 
_Propane -—<—-- = r ---- 2. 310 44 400 
“Values increase with temperature; for example, coefficient for trichloroben- 
zene ranges from 0.00044 in the region of its 45 F freezing point to 0.00070 at its 
recommended maximum operating temperature, 450 F- 


Special high-temperature service compounds. 


















just described. The bellows, capillary and bulb as- 
sembly is charged with a definite volume of the 
thermal liquid, and the bulb is so proportioned that 
it can contain all the liquid. When the capillary 
and bellows, with the latter in an extended condi- 
tion, are completely filled with the thermal liquid 
there must still be enough left in the bulb to gen- 
erate necessary vapor pressure. 

With the bellows and capillary higher than the 
operating temperature at the bulb, liquid in the 
bellows and the capillary is volatilized and subse- 
quently condenses in the bulb. The bellows is filled 
with a superheated gas and receives its impulses 
from the bulb through this gas. A so-called transi- 
tion point is reached when the temperature of bel- 
lows and capillary reaches that of the bulb. As 
the temperature of the bellows and capillary drops 
below that of the bulb, the liquid in the bulb rap- 
idly volatilizes and -ondenses in the bellows and 
capillary until they are completely filled. Thermal 
impulses are then transmitted hydraulically. 

This type of control is, of course, more expensive 
because special measures must be taken in the ac- 
curate filling. Bulbs are also of necessity consid- 
erably larger. Moreover, a heavy or two or three- 
ply bellows may be needed to withstand the vapor 
pressures incident to higher temperatures encoun- 
tered in shipment or storage. Despite these rela- 
tive disadvantages, the universal type control sat- 
isfies requirements that can be filled by neither the 
low-temperature nor high-temperature vapor-pres- 
sure types alone. 

Universal operation is also possible with a ‘“dual- 
fill” system. One of the charging media is a high 
boiling point liquid which acts as the hydraulic 
fluid between the bulb and the bellows. The other 
is a small amount of volatile liquid, insoluble in 
the transmission liquid, placed in the bulb. The 
capillary tube terminates in the center of the bulb, 
and the globule of volatile liquid and its gas are 
trapped in the bulb, regardless of bulb orientation. 
This type can be a limited-fill system and/or a 
fail-safe system. 

Design Considerations: In all of the vapor-pres- 
sure controls, bellows sizes generally range from 


Fig. 7—Minneapolis- 
Honeywell _bellows- 
controlled _ ball-valve 
design for oil burners. 
Located between the 
sealed bellows and the 
ball, a snap disk is 
actuated by the bel- 
lows, according to fuel 
oil pressure, and per- 
mits the ball to retract 
or forces it against its 
seat 
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11/16 inch to 4% inches, according to required 
sensitivity and stroke. Smaller size bellows are not 
satisfactory for this type control, since they lack 
required flexibility. 

Vapor-pressure thermostats have the advantage 
of high sensitivity and, if necessary, relatively long 
stroke. They have the disadvantage of being af- 
fected by variations in the force or friction which 
they must overcome in the normal operation of 
valves or switches for which they are designed and 
are also affected by barometric pressure changes. 

Thrust of the bellows at any temperature is defi- 
nitely fixed by the vapor pressure of the filling 
medium and cannot be changed, Similarly thrust 
differential between any two temperatures is fixed 
by the filling medium. 

Therefore, in the design of switch or valve mech- 
anisms, friction should not only be minimized but 
also be maintained constant. Also, to compensate 
for fluctuations in pressure against which a bellows- 
operated valve must function, a balanced valve such 
as the double-seated or piston type must be used. 

Another factor to be considered is the adjustment 
means. Usually, for adjustment of the temperature 
range, a spring of proper proportion and a take-up 
means, such as a screw, are provided. Rate of the 
adjusting spring must also be held as low as pos- 
sible because the operating differential of the device 
will be governed largely by this factor. If the 
spring aborbs an unduly large portion of the force 
available from the filling medium, the residual force 
may be inadequate and a wide operating differential 
results. 

In design, these various factors can be combined 
and analyzed by the following approximate equa- 
tions which yield reasonably accurate results: 





F, + sky 
Ta ———— 
P,A 
or 
_ F+8(ky + ky) 
PA 
where T, = operating differential of switch or 


valve, degrees F; F = differential force required 





Fig. 8—Bulb and bel- 
lows thermostatic as- 





sembly with baro- Barometric 
. ° compensating 
metric compensation bellows 
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actually to operate the switch or valve excluding 
the adjusting spring, pounds; F, = differential 
force required actually to operate the switch or 
valve including the adjusting spring, pounds; s = 
stroke to operate valve or switch, inches; k, = 
spring rate of bellows, pounds per inch; k, = spring 
rate of adjusting spring, pounds per inch; P, = 
change in vapor pressure of filling medium at ap- 
proximate operating temperatures of thermal bulb, 
psi per degree F; and A = effective area of bel- 
lows, square inches. 

Differential forces F and F; are, in each case, 
the difference between the force at the start and at 
the end of the operating stroke of the switch or 
valve. Force F would be determined by removing 
the adjusting spring and measuring the actual 
force at both ends of the operating stroke under 
actual operating conditions. Force F; is deter- 
mined the same way except that the adjusting 
spring is in place and the valve or switch is com- 
plete, excluding the bellows itself, of course. 

The equations give fairly accurate results with 
a switch or snap-action valve. However, with a 
modulating type valve, the actual operating dif- 
ferential would be considerably less. Stroke s is, 
of course, the full lift of the valve, but in operation 
the valve “floats” and does not travel the full dis- 
tance from closed to wide open. 

THERMAL OR LIQUID EXPANSION: Utilizing the 
thermal expansion of an incompressible liquid, 
liquid-expansion designs are completely filled, and 
changes in volume resulting with changes in tem- 
perature at the bulb are conveyed hydraulically to 
the bellows, Fig. 6. Because thermal expansion 
rates are quite low, these systems necessarily util- 
ize the smaller sizes of bellows, such as 15/32 or 
9/16-inch, in order to obtain significant bellows 
stroke. Conversely, the bulb must be relatively 
large, particularly so for maximum sensitivity, As 
TABLE 1 shows, many filling liquids are available, 
giving latitude for the choice of expansion coeffi- 
cient to suit a desired temperature range. 
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Fig. 9 — Differential-pressure bellows as- 
sembly. Movement of actuating rod is meas- 
ure of difference between pressures P, and P, 


Obviously, this type is limited in application to 
valves or switches requiring only small movement. 
The majority of successful applications use switch- 
es requiring only 0.001 or 0.002-inch movement of 
the bellows and in no case more than approximately 
1/32-inch. Valves usually are of the modulating 
typ’ with movement to 1/16-inch. Lever arrange- 
ments can be used, however, to obtain greater 
movement. 

Maximum movement of the bellows is usually 
about 0.003-inch per degree F for a 9/16-inch di- 
ameter bellows with 26 convolutions, and 0.006- 
inch per degree F for a %-inch bellows with 28 
convolutions. These maximum sensitivity sizes are 
restricted to a temperature adjustment range of 
about 60 F, say between 100 and 160 F or 220 and 
280 F. 

If a wider range of adjustment must be accom- 
modated, sensitivity will be reduced correspond- 
ingly. In domestic stoves, for example, the tem- 
perature adjustment range is usually 300 or 400 F. 
Through special design of switches and valves, 
movement is only approximately 0.0002-inch per 
degree F. 

Bulb design is critical from the standpoint of 
obtaining maximum heat transfer. It should have 
as small a diameter as possible and correspondingly 
the length becomes a maximum. 

Required use of small sizes leads to the need for 
return springs with liquid expansion bellows, Other- 
wise the bellows will not follow the action of the 
filling medium, particularly on the cooling leg of 
the cycle. Atmospheric pressure does not over- 
come the natural spring force of the bellows. This 
condition is especially apparent for designs in which 
liquid pressure is internally applied. Since a bel- 
lows should normally be used only below its free 
length, it must be compressed to locate the operat- 
ing range below the free length. 
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Fig. 10—Bellows assembly for overpressure 
protection. Liquid in large bellows serves 
as a stop at selected maximum pressure 


With the bulb at the lowest operating tempera- 
ture and the bellows at its shortest length, the op- 
posing spring should exert no less than 10 pounds 
thrust on the % or 9/16-inch bellows. The max- 
imum pressure during the operating cycle should 
be less than 20 pounds for the 34-inch size, less than 
25 or 30 pounds for the 9/16-inch size. Overtravel 
protection is usually provided by having the spring 
of such proportions that its force is still not exces- 
sive beyond the operating stroke and it does not 
compress solidly for some distance beyond the nor- 
mal stroke. 

However, if the bellows is enclosed in a cup and 
pressure is applied externally, the pressure tends 
to compress the bellows in the desired direction, 
and the spring rate can be reduced to the extent 
of the spring rate of the bellows itself. The cup 
arrangement is frequently advantageous because 
overall forces in the system are less and, hence, 
friction is reduced. 

No range adjustment can be made by varying 
the spring load as in the case of the vapor pres- 
sure type. Instead, it can be adjusted by changing 
the clearance between the movable end of the bel- 
lows and the switch or valve, or by changing the 
anchor point or fixed end of the bellows. 

Thermal expansion bellows are adaptable over 
a wide range of temperature and are compact. Reg- 
ulation is possible from about -—100 F to 650 F. 
They also, by their nature, generate high thrust 
force and are not affected by reasonable variations 
in the frictional and functional characteristics of 
the valve or switch being operated. 

Ambient temperature can have an appreciable 
effect if care is not exercised in design. Error can 
be reduced usually to negligible limits by minimiz- 
ing the volume of liquid in the capillary tube and 
the bellows. Smallest possible bore tubing must be 
used. An internal guide or “stuffer” can be de- 
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Fig. 11—Typical bellows shaft seal 
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signed for the bellows toe displace a major portion 
of the liquid otherwise filling the bellows, 

The expected operating temperature differential 
of the controlled switch or valve can be calculated 
from 

8A 


CV 





Ti —K 


where T, = operating differential of switch or 
valve, degrees F; K = a constant depending upon 
the flexibility of the bellows (K = 1.25 is satisfac- 
tory for ordinary small bellows); s = bellows 
stroke to operate valve or switch, inches; A = ef- 
fective area of bellows, square inches; C = coef- 
ficient of cubical expansion of the filling liquid, 
cubic inches per cubic inch per degree F; and V = 
volume of bulb, cubic inches. 

The formula is quite effective for a snap-acting 
switch or valve. For a modulating valve, if the 
stroke is taken as the total travel from closed to 
wide open, the actual operating temperature will be 
very much less. 


Design for Pressure Sensing and Transmission: 
Previously described thermostat applications of 
bellows, since they are in reality pressure uses, 
have already suggested some of the possibilities 
for strictly pressure service. 

Bellows function with pressure applied internally 
or externally. They can be used in liquid or gas 
systems equally well. Direct control or indication 
of pressure is possible from a few psi to more than 
3000 psi. As noted in thermostatic applications, 
however, wide-range operation is accompanied by 
low sensitivity. In many control applications, 
though, the pressure range is usually small enough 
to permit adequate sensitivity or only a particular 
maximum or minimum pressure is involved. De- 
tails pertaining to design for pressure and stroke 
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ranges will be discussed later on in this article. 
Direct-pressur> design analagous to direct ther- 

mal control in ax:tomotive thermostats can be em- 

ployed. The oil-burner ball-valve control arrange- 


ment shown in Fig. 7 demonstrates this use. Fuel 
oil pressure is applied externally to a sealed bel- 
lows. At the desired operating pressure, the bel- 
lows is compressed sufficiently to actuate the snap 
disk and open the valve. When no fuel is applied, 
the bellows returns the ball to its seat. 

Another basic use occurs in devices requiring 
barometer compensation, For example, aircraft 
fuel-air ratio is frequently controlled by a bellows. 
The bellows is evacuated and sealed, and expands, 
of course, as atmospheric pressure decreases with 
higher altitudes. Thus, the fuel and air mixture 
is automatically regulated by altitude. 

Still another use on aircraft occurs in conjunc- 
tion with vapor pressure thermostats, Fig. 8, earlier 
described. When a bellows is used for tempera- 
ture control with the vapor pressure principle, its 
success on aircraft depends upon a means for off- 
setting the reduced external pressure at altitude. 
Such correction is quite simply and accurately pro- 
vided by an evacuated bellows mounted in line with 
the vapor pressure bellows. Reduced external pres- 
sure on the evacuated bellows permits it to expand 
and counteract the corresponding tendency of the 
“temperature” bellows. 

Bellows also are applied in process control or 
measurement in several ways. One is their use 
with a Venturi for “sensing” flow. The difference 
in pressure detected at two points in the Venturi 
by bellows is a function of the flow rate. 

Of relatively recent origin, the differential-pres- 
sure bellows assembly is one of the most effective 
devices for direct sensing of pressure differences 
with high sensitivity, Fig. 9. The assembly consists 
of a large expanding bellows sealed at both ends 
by two smaller bellows situated within the large 
bellows. The large bellows is then so contained 
within a cup or housing that pressure or vacuum 
can be applied to it internally and externally. Move- 
ment of the actuating rod is proportional to the 
difference between the pressures on the inside and 
outside of the bellows (P, — P.,). Either side of 
the large bellows can be evacuated and sealed. 
Then the movement of the rod is a function of ab- 
solute pressure. 

Greater latitude in design and usually high sensi- 
tivity can be gained with the differential-pressure 
bellows as contrasted with the use of two separate 
bellows. 

A variation of the differential-pressure bellows 
is shown in Fig. 10. The main bellows of this 
unit is partially filled with a liquid to serve as a 
stop if pressure exceeds a desired limit. The unit 
is especially intended for absolute pressure service. 
It is very sensitive at low pressures but will with- 
stand high pressures. 

A simple but quite versatile service of bellows is 
for motion transmission or multiplication — hy- 
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Fig. 12—Three types of bellows seal applica- 
tions. Top, hermetic flexible bellows seal de- 
signed by the Kearfott Corp. for transmission 
a rotary motion from exterior to interior of 
high-vacuum systems. Center, Jennings Radio 
Mfg. Co. vacuum capacitor with a variable 
plate controlled through a bellows seal. Above, 
Watts Regulator Co. low water cut-off in which 
bellows transmits angular motion from float 
to mercury switch 





draulically. If two or more bellows are connected 
by tubing, and the whole assembly liquid filled, 
force and movement applied to one bellows are 
transmitted throughout the system in a manner 
analagous to the operation of hydraulically con- 
nected cylinders. Ratio of the input and output 
movements can be selected over a wide range by 
proper specification of bellows sizes. 


Design for Mechanical Applications: Besides 
their uses in temperature and pressure control, 
bellows serve as seals, flexible piping, and couplings. 

Bellows shaft seals are used as packing glands 
to prevent leakage around rotating shafts ranging 
from %-inch upward in diameter. Their major 
advantage is on special applications where an all- 
metal seal is necessary. These applications are 
generally those where high temperature is encoun- 
tered or where liquids or gases used would adverse- 
ly affect organic seal materials. 

For rotating shaft seals, Fig. 11, the bellows is 
joined to a nose piece which is the actual sealing 
member in contact with an opposed surface. Any 
seal face material can be used, such as bearing 
bronzes or carbon, ceramics, etc., although fully 
leakproof assembly of some nonmetallic nose 
pieces to bellows may be difficult to obtain. 

Force on the seal face can be maintained constant 
and independent of pressure by making the effec- 
tive area of the bellows equal to the equivalent area 
of the nose piece. In other words, the mean di- 
ameter of the bellows should equal the mean di- 
ameter of the nose piece. Usually a spring is used 
in conjunction with the bellows to maintain the 
desired force at the contact plane. 

Other seal applications are also served by bel- 
lows. Axial or flexural movement of the bellows 
is usually involved. Several of these uses are 
shown in Fig. 12. Packless valves and steam traps 
are still other places of application. As axially and 
laterally flexible pressure vessels, bellows are ap- 
plied in all types and sizes of piping system as ex- 
pansion or flexible members. They are particularly 
used to allow for thermal expansion and to sim- 
plify alignment problems. A primary example is 
the jet engine flexible manifold shown in Fig. 13. 

As flexible joints, bellows are applied in per- 


Fig. 13 — Flexible 
jet-engine manifold 
assembly. Stainless 
steel bellows with- 
stands high temper- 
ature, accommo- 
dates thermal ex- 
sion, prevents leak- 
age, and simplifies 
alignment 
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haps their greatest size range. They are normally 
available in diameters from %-inch to 30 inches, 
and much larger sizes have been produced for spe- 
cial applications. 

The foregoing discussions have summarized the 
principal applications of bellows. However, there 
are other demonstrated specific uses which may 
offer possibilities in certain design areas. For 
light services, such as in servos, bellows are used 
as mechanical shaft couplings, minimizing need for 
precise alignment. Applied in a manner like springs, 
they are also used for shock mountings or vibra- 
tion dampers. 


Bellows Selection: Three principal considerations 
influence bellows selection: bellows materials, bel- 
lows proportions, and assembly requirements. 

MATERIALS: Expected service environment, re- 
quired performance, formability, and cost are the 
principal factors influencing the specification of 
bellows materials, TABLE 2. 

A brass alloy consisting of 80 per cent copper 
and 20 per cent zinc is most commonly used be- 
cause of its suitability for the majority of applica- 
tions. However, this alloy is not suitable under 
severely corrosive conditions nor if traces of mer- 
cury or ammonia are present, Under certain con- 
ditions, hot water will also shorten bellows life. 

Brass bellows with a silver coating have been 
used for many years under severely corrosive con- 
ditions. Not a plating, the silver is solid, rolled on 
the surface of the brass to a thickness of 0.0006- 
inch, either inside or outside the bellows. 

A bronze alloy of 95 per cent copper and 5 per 
cent tin is used where a slightly higher corrosion 
resistance than that of bare brass is required. 
Bronze bellows are also used in instrument type 
service where hysteresis may be critical. Heat 
treatment of bronze bellows reduces hysteresis to 
a negligible value for most practical applications. 

Monel. consisting of approximately 40 per cent 
copper and 60 per cent nickel, is frequently used for 
its corrosion resistance properties. It has good salt 
spray resistance and serves well in contact with 
water. Monel is more difficult to draw than brass, 
and accordingly, is not available in extraflexible 
deeper convolutions. 

Stainless steels are being increasingly used for 
bellows because of their excellent corrosion resist- 
ance and high-temperature characteristics. Some 
limitations in design proportions arise, by compar- 
ison with other materials mentioned, because of 
drawing and annealing problems. For extra high- 


Table 2—Common Bellows Materials 





Corrosion Max. Temp. Ease of 





Material Resistance (F) Fabrication Cost 
Brass Fair 350 Excellent 1 
Brass, silverclad Excellent 350 Excellent 3 
Bronze Fair 350 Excellent 2 
Monel Good 900 Fair . 
Stainless Steel Excellent 1100 Fair 5 
Inconel Excellent 1500 Fair o 


MACHINE DESIGN—January 1954 


METAL BELLOWS 


temperature service bellows have also been fabri- 
cated from Inconel. 

Since some mystery is often associated with hys- 
teresis in springs or springlike members, the sub- 
ject might well be clarified at this point. <lystere- 
sis in bellows is defined according to the representa- 
tion in Fig. 14. Although spring rate is the same 
in loading or unloading, the displacements or move- 
ments in the two directions between the same load 
or force limits are different. Hysteresis is ex- 
pressed as the ratio of H to F. 

Different materials and different types of bellows 
have different hysteresis values. Hysteresis can be 
reduced by special heat treating. For example, reg- 
ular brass bellows show 4 per cent hysteresis but 
when heat treated, only 2 per cent. Regular bronze 
bellows have a hysteresis value of about 1 per cent, 
and when heat treated, 0.5 per cent. For the same 
materials and conditions, but with extraflexible bel- 
lows, hysteresis values are only about one-third 
the magnitude of those cited. 

In a bellows device, hysteresis is sometimes 
thought to be responsible for lags in response 
greatly in excess of the foregoing data. However, 
friction in the device operated by the bellows is 
more often found to be the principal source of 
error. 

DESIGN Factors: The properties of a bellows are 
somewhat like those of a spring, but in design the 
number of variables are fewer and calculation is 
less involved. Generally speaking with respect to 
the bellows itself, the same principles hold regard- 
less of the type of application. 

As indicated before, two basic types of bellows 
are usually available — regular and extraflexible. 
The regular style bellows has a depth of convolu- 
tion such that the outside diameter is approxi- 
mately 50 per cent larger than the inside diameter. 
In the extraflexible bellows, the outside diameter is 


Fig. 14—Representation 
of hysteresis in bellows 
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approximately 60 per cent larger than the inside. 

Besides the convolution depth, the factors that 
can be selected to fit a bellows to a given applica- 
tion are bellows size (diameter), wall thickness, 
and number of convolutions. Bellows travel and 
operating pfessure are normally dictated by the 


Fig. 15—Life expectancy chart for constant-pressure 
and variable-pressure bellows applications 
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Fig. 16—Common end 
designs of bellows: 
(a) closed end, (6) 
open end at root, (c) 
open end at major 





diameter, (d) attached 

standard fitting. Any 

pair of these designs 

can be used on a bel- 
lows 
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application, of course. All these factors must be 
properly combined and balanced to guarantee ade- 
quate bellows life. 

Within the range of most common usage, %4 to 
41-inch outside diameter, bellows manufacturers 
usually have a more or less standardized series of 
bellows that fill all needs likely to arise, TABLE 3 
shows for only 14-inch diameter brass bellows the 
various engineering data on which bellows selection 
is based. All standard sizes in brass would total 
well over 100. Besides data contained in TABLE 3, 
other information required is given by the life ex- 
pectancy chart in Fig. 15. 

Selecting a bellows on the basis of required stroke 
and pressure is the normal procedure and is rela- 
tively easy with bellows data of the sort excerpted 
in TABLE 3. However, life expectancy can be a 
critical factor and may well influence the final 
choice. Therefore, the following example problem 
starts with a required life in order that the effect 
of this quality might be directly observed. 

Assume an application requires a bellows with a 
service life of about 1,000,000 cycles operating ina ' 
system in which the pressure remains constant dur- 
ing the working stroke. From Fig. 15, the desired 
combination of constant pressure and stroke, both 
in terms of per cent of their maximums, must be 
selected. Assume that length of stroke is most im- 
portant, that there is required a bellows which has 
a stroke of about 3/16-inch and is as small as 
possible in relation to its working stroke. Then, 
as high a per cent of maximum stroke as seems 
feasible, in keeping with the pressures involved, 
would be chosen. 

Fig. 15 shows that if a bellows is selected that 
must deflect more than 66 per cent of its maximum 
stroke, the system cannot have any pressure on it 
—unless shorter life can be accepted. Assume that 
the system has pressure, but that it is relatively 
jouw. The stroke and pressure combination selected 
should reflect the relative importance of these two 
factors in design. 

As a trial, there might be selected a bellows that 
will deflect 60 per cent of its maximum allowable 
stroke. On Fig. 15, intersection of 1,000,000 cycles 
and 60 per cent maximum stroke corresponds to 14 
per cent maximum constant pressure, In other 
words the bellows selected from data such as given 
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in TABLE 3 must have a pressure rating great 
enough that 14 per cent of it is equal to or greater 
than the anticipated system pressure. 

Assume now that a bellows of about 14%-inch out- 
side diameter would be acceptable for size. As 
TABLE 3 shows for regular 1%-inch bellows, four 
wall thicknesses are available. Since the pressure 
is low, the minimum wall thickness, 0.004-inch, 
might be tried so that greatest flexibility is ob- 
tained. For this bellows, maximum deflection per 
convolution is 0.029-inch. But since only 60 per 
cent of the maximum deflection is to be permitted, 
the usable deflection per convolution is 0.60 (0.029) 
= 0.017-inch. 

Next a pressure check is made. From TABLE 3 
the maximum internal pressure is 55 psi. Allow- 
ance for 14 per cent of maximum means that the 
system pressure may approach 0.14 (55) = 7.70 
psi gage. 

If that pressure is satisfactory, the number of 
required convolutions can be determined. The 
number is obtained by dividing the required stroke 
by the usable deflection per convolutions or 
(3/16) /0.017 = 11 convolutions. According to 
TABLE 3, the normal free length of each convolu- 
tion is 0.084-inch or the total free length is 
11 (0.084) = 0.924 = 15/16-inch approximately. 
Thus, all required factors have been determined. 
Similar calculations can be made from a number 
of different starting conditions, of course. 

As apparent from the foregoing example as well 
as from Fig. 15, required service life is a major 
influence in bellows selection. Actually, in the out- 
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lined method, the life prediction is serving a pur- 
pose normally covered in design by two factors— 
the design stress and cyclical endurance at that 
stress. These two conventional criteria are lumped 
together in bellows engineering because no advan- 
tage is gained by their evaluation separately. Even 
this simplification leaves wide latitude for engi- 
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Table 3—Characteristics of 1'%-inch Bellows 




















Characteristic Regular Extrafiexible 
Root Diameter’ (in.) % 43 
Convolutions? 11 11 
(standard) 
Effective Area® —_—§0.69 ——0. 62 
(sq in.) 


0.004 0.005 0.006 
0.100 0.087 0.076 


Wall Thickness (in.) 0.004 0.005 0.006 0.007 

Approx. Free Length* 0.084 0.079 0.074 0.070 
in. per convolution) 

Maximum Deflection 0.029 0.028 0.027 0.023 0.047 0.034 0.029 

Spring Rate* (lb per 172 291 552 687 62 108 226 
in. per convolution) 

Fiexibility’ (in. per Ib 0.0040 0.0024 0.0012 0.0010 0.010 0.006 0.003 
per sq in. per 
convolution) 


Maximum Internal 55 80 150 200 55 65 130 
Pressure (psi) 
Maximum External 60 88 165 220 61 72 143 


Pressure (psi) 





1To obtain approximate inside diameter subtract 2 times wall 
thickness from root diameter. 

2 May be decreased in every case, increased in some, 

% To obtain volume, multiply by bellows length. 

*To obtain total free length of bellows, multiply by number of 
convolutions. 

5To obtain total maximum deflection of bellows, multiply by 
number of convolutions. 

6To obtain spring rate of bellows, divide by number of convo- 
lutions. 

™To obtain flexibility of bellows, multiply by number of convo- 
lutions. 


Fig. 17—Common types of bellows cup assemblies: (a) plain cup assembly, (6) 
extension-compression stop assembly, (c) spring-loaded assembly with stops, (d) ad- 
justable spring-loaded assembly 
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neering judgment, since the working stroke and 
pressure may have variable ranges in the applica- 
tion, operation may vary greatly in cyclical fre- 
quency, effects of environmental factors may vary 
widely, and so forth. 

A distinction is made in Fig. 15 between variable 
pressure and constant pressure. For example, for 
50 per cent of the maximum stroke, life is 500,000 
cycles for 50 per cent of the maximum noted con- 
stant pressure, but only 5000 cycles for 50 per cent 
of maximum rated variable pressure. This differ- 
ence indicates that even with no axial displace- 
ment of the bellows, changes in pressure cause in- 
ternal movement of the bellows and definitely af- 
fect endurance. 

A question frequently arises when an application 
requires a relatively high operating pressure and 
the pressure is variable around that high value. 
For example, the working pressure may be variable 
between 70 and 80 per cent of the rated bellows 
pressure for a 50 per cent maximum stroke, Should 
this condition be considered 80 per cent variable 
pressure (with practically no life expectancy), 80 
per cent constant pressure (100,000 cycles), or in 
some other way? 

Actually the unit is operating at 80 per cent 
constant pressure plus an additional factor, in 
terms of its effect upon life, of 10 per cent variable 
pressure. The chart gives 2,000,000 cycles for 10 
per cent variable pressure. Life less than 100,000 
cycles obviously should be predicted, but how much 
less becomes a matter of some judgment. If life is 
critical, the best solution is usually to alter the bel- 


Fig. 18—Comparison of shear strength versus aging 
— of soldered (40 per cent tin, 60 per cent lead) 
rass joint under continuous and intermittent loads 
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lows proportions to allow a margin of safety. For 
example, if the foregoing conditions had applied for 
a 10-convolution bellows, convolutions might be in- 
creased to 11, a 10 per cent increase in free length, 
and stroke decreases from 50 to 45 per cent. Life 
expectancy for 80 per cent maximum constant pres- 
sure increases from 100,000 to more than 200,000, 
leaving an adequate margin for the 10 per cent 
variable pressure. 

A similar problem arises with respect to stroke. 
In a modulating control device, for example, the 
bellows may be called upon to operate from zero to 
70, 80 or even 90 per cent of its maximum allow- 
able stroke. However, the normal modulating 
movement occurring most of the time may be only 
5 per cent of the total stroke. The major factor in 
such a case is the 5 per cent stroke. But again, 
however, some allowance must be provided for the 
occasional high-percentage stroke. 

Proportions and properties of bellows can be 
summarized by a few general rules that may serve 
to guide both preliminary rough estimates and final 
calculations: 

1. Flexibility, inches of stroke per psi of pressure, 
varies directly with the number of convolutions, 
directly with the square of the outside diameter, 
inversely with approximately the cube of wall 
thickness, inversely with the modulus of elasticity. 

2. Spring rate, pounds of force per inch of movement, 
varies inversely with the number of convolutions, 
inversely with the square of the outside diameter, 
directly with approximately the cube of the wall 
thickness, directly with the modulus of elasticity. 

These proportionalities also suggest the influ- 
ences of manufacturing variations upon the accur- 
acy of bellows performance. For example, a tol- 
erance of +0.00025-inch on a wall thickness of 
0.005-inch yields a range on flexibility of —16 per 
cent to +13 per cent, and other factors augment 
the arithmetic total to about +20 per cent. This 
maximum range, fortunately, is moderated by prob- 
abilities and in many designs, provision of adjust- 
ment or calibration means minimizes or nullifies 
differences from bellows to bellows. 

BELLOWS ASSEMBLIES: For adaptation to the 
host of applications suggested in the foregoing 
sections, bellows are supplied by manufacturers 
at a number of assembly levels. These levels range 
progressively from the bellows alone (Fig. 16a, b, 
and c), bellows with end fittings (Fig. 16d), bel- 
lows in cup assemblies (Fig. 17) and complete 
units such as bellows, capillary and bulb for ther- 
mostats, thermal and pressure switches, etc. 

The physical joining of bellows to end fittings 
or other components is frequently a rather critical 
operation. Soldering is quite common for brass 
and bronze bellows but a number of precautions 
must be kept in mind. Fluxes containing ammonia 
or other corrosive agents cannot be used without 
impairing bellows life. Also aging of soldered 
joints reduces their strength, Fig. 18, and must be 
considered in design. Brazing and welding give 
excellent joint strength. Frequently no mechan- 
ical joint, such as formed by spinning, is needed 
with these methods. 
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tively delicate section often involve produc- 

tion and cost factors which must be consid- 
ered in design. Manufacturing costs may often 
prove unfavorable in cases where rings of large 
diameter are required with a complex cross sec- 
tion. This is especially true where the amount of 
material to be machined away is excessive or the 
material is low in machinability. 

Although simple ring-shaped parts can be pro- 
duced by a number of methods, flash welding from 
rolled stock sections has proved to be economical, 
Fig. 1. Wide availability of flash-weldable mate- 
rials and elimination of machining time by use of 
plain sheet or plate stock or specially rolled sec- 
tions offers attractive cost advantages. 


C) tivey a or intricate circular parts of rela- 


Fig. 1—Top—Flash-welding a formed rolled sec- 
tion into a one-piece homogeneous ring 


Fig. 2—Right—Two completed simple flash-welded 
rings showing wide variation in size and section 
possible 
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Use of flash-welded rolled 
sections offers consider- 
able savings in materials 
and production time 














Size Ranges: In general, flash-welded rings range 
from a minimum diameter of around 5 inches to a 
maximum diameter of 8 feet. Thickness of section 
possible covers the general range available in 
rolled plate, or bar, Fig. 2. Width of section which 
normally can be handled may range to about a 
maximum of 18 inches. 


Materials and Properties: Few restrictions in ma- 
terials selection are present. Metals which have 
been handled successfully in production range from 
ingot iron to bearing steels. Most of the stainless 
alloys are suitable and aluminum and titanium 
rings have been produced in quantity. 

Properties of the flash-welded joint may be con- 
sidered as equivalent to the parent metal for most 
purposes. All welds meet AAF specifications which 
require a minimum for all welds of 95 per cent of 
parent metal properties. 


Special Mill Sections: While appreciable savings 
are possible with parts produced from square and 


rectangular sections, very often special mill-rolled 
sections can be used to even greater advantage. 
Some parts, such as the tank bogie wheel shown in 
Fig. 3, can be produced to final size which elimin- 
ates practically all machining. Where final ma- 
chining is necessary, and especially in the rela- 
tively more expensive alloys, special mill sections 
are equally advantageous, Fig. 4. Based only on 
the added cost of a special rolled section, wherever 
there is a saving of approximately 25 per cent or 
over in weight (compared to the usual rectangular 
bar) the cost savings are well worthwhile. Addi- 
tional savings in machining result in a total cost 
advantage frequently running to 50 per cent or 
more. In TABLE 1 the cost savings are shown for 
typical machined rings made from special sec- 
tions illustrated in Fig. 5. 

The savings in critical materials which are pos- 
sible with the use of mill sections are of major 
concern in time of war, and have on many such 
occasions more than justified going beyond purely 
economic considerations in favoring their use. Or- 


Table 1—Cost Savings on Machined Rings Made from Special Sections 








Ring Description Weight —————Cost Savings (per cent )}———————_- 
(Ib) Rough Ring Machining Finished Ring 
Type 347 Rectangular Bar 14, x 1% 33 eee nate wee 
Stainless Mill Section a* 22.1 10.2 29.3 16.7 
Type 321 Rectangular Bar 14, x 2, 42.4 eee eee oes 
Stainless Mill Section b* 27.7 26.1 8.3 17.0 
Type 321 Rectangular Bar 1%} x 5, 266 
(two pieces) 
Stainless Mill Section c* 146.6 43.8 16.5 28.6 
(two pieces) 
Type 347 Rectangular Bar 14, x 2, 68 eee wee eee 
Stainless Mill Section d* 44% 32.5 41.4 35.8 





* Details shown in Fig. 5. 
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Fig. 3—Tank bogie wheel, rolled 
and flash welded to final di- 
mensions from a special SAE 
1035 steel section 
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dinarily, however, some consideration of production 
quantities must be made to evaluate and establish 
the suitability of a design for the use of special 
sections. The quantity of rings, multiplied by the 
saving per ring must at least equal the cost of the 
special rolls required to produce the mill sections 
for the practice to be economically justified. And 
it must not be overlooked that the mills themselves 
have been known to impose minimum quantities 
they will roll. 

Thus, in addition to the decrease in raw material 
weight mentioned, a sufficient quantity of special 
stock must be needed to justify and make practical 
the rolling process, A minimum quantity for roll- 
ing could be considered as 10,000 pounds, but ma- 
terial and other factors may adjust this figure up- 





Fig. 4—Above—Group of typical special rolled sec- 
tions utilized for rolled and flash-weldéd rings 
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wards. Generally, 20,000 pounds is considered an 
average for suitable economy. However, on large 
sections this ranges from 10 to 25 tons. The ne- 
cessity for suitable rolling tonnage is made evi- 
dent from the fact that special roll sets cost from 
$4000 to $7000. 


Design Factors: In addition to the several con- 
siderations for design already indicated, there are 
some special possibilities that should be recognized. 
These concern parts in which the circular uniform 
section constitutes a major portion of the unit, but 
not all. Such parts, having only small nonuniform 





Fig. 5—Below—Details of mill sections, the per 
cent saving for which are shown in Table 1 
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or specially contoured projections, can often be de- 
signed for production by this method with similar 
advantage. The ring shown in Fig. 6 is a good il- 
lustration of this type of part. 

On parts formed from special rolled sections, 


Fig. 6—Ring part with welded in section having 
projecting ears 























































corner radii range from 1/16 to 3/16-inch, ¥%-inch 
being an average corner and fillet radius used. 
Large radii, however, simplify the rolling operation. 

For machining operations on special rolled sec- 
tions, stock allowance of 5/64 to 3/32-inch is gen- 
erally employed. Allowance on inside and outside 
diameters over finished dimensions may range up 
to %4-inch on the diameter, depending on size and 
other conditions. 

Where greatly unbalanced or asymmetrical sec- 
tions, which are difficult to roll, are necessary it is 
sometimes possible to utilize a combination sec- 
tion. By combining two sections into one rolled 
cross-section, a balanced design results. Such a 
section is shown in Fig. 7. Here, two separate but 
similar parts are produced from the one welded 
ring with considerable advantage. In other cases 
a protruding leg of a section, easiest to roll straight, 
might be bent to the proper angle after welding. 


Tolerances: Accuracy of ring sections after roll- 
ing and welding is obtained by a final hot or cold 
sizing operation. Rolling for welding includes the 
preparation of suitable flats for flash welding. Final 
sizing perfects the roundness and accuracy. 

Variation of sized diameters generally runs plus 
or minus 1/16-inch. These tolerances as generally 
expressed include not only variations of actual from 
nominal diameters but any out-of-roundness which 
may exist in the ring. Tolerances on dimensions of 
special rolled sections as received from the mills 
generally are plus or minus 3/64-inch. However, 
small critical dimensions can be held to plus or 
minus 1/64-inch if necessary. Noncritical dimen- 
sions are normally held to at most plus or minus 
1/16-inch. 
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NCREASING speeds and cycling rates in auto- 
matic high-speed machinery make accurate 
kinematic analysis a necessity. The dynamic 

forces and power requirements associated with a 
given mechanism cannot be determined without 
complete knowledge of its kinematics. It is there- 
fore the purpose of this article to present a method 
of analysis of mechanisms that will fulfill any ac- 
curacy requirements. 

The approach in this analysis is general and can 
be used for any mechanism. The result of this 
approach provides a scheme that in most cases will 
render the kinematic analysis less time-consuming 


Fig. 1—Four-bar linkage, 
with oscillating beam 
shown phantomed 


than the graphical methods. The tabulated form 
presented may be used without recourse to the 
mathematics involved in deriving the kinematic 
equations. Consequently, a working knowledge of 
trigonometry is the only requisite for performing 
the indicated calculations. On the other hand, 
those interested in the proof will find that the ap- 
proach used in this analysis can be applied to more 
complicated mechanisms. 

In this method the general formulations for the 
kinematics of any machine are first developed in 
the form of useful relationships between the abso- 
lute and relative motions. These general equations 
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are then applicable to the analysis of particular 
mechanisms. Simple mechanisms are easily treated 
and more complex ones usually are most conveni- 
ently analyzed as combinations of the simple ones. 
For example, the four-bar linkage is a combination 
of the oscillating beam and the crank and connect- 
ing rod, and its analysis is conducted on this basis. 
The actual tabulation scheme will be presented and 
discussed in relation to this analysis. 


General Formulation: A mechanism in general is 
characterized by the kinematic relationship between 
the output to input. The output characteristics 
stem mainly from two sources: the relative kine- 
matics of the system and the absolute kinematics 
of the input. Relative kinematics is defined as the 
relation between output to input, and is determined 
by the geometry of the mechanism. 

The output velocity of a mechanism is given by 


dt dg dt 


where d8/d@ is the ratio of angular velocities, and 
represents the effect of the relative kinematics of 
the mechanism on the output velocity. 

The angular acceleration of the output is obtained 
by differentiating Equation 1 with respect to time t: 
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dt at \ do dt 


dp de de a ( dp ) 
deo dt? dt at de 
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Therefore 


(2) 








d2B dp de ( de )’ d2g 

dt? dé at? at de> 
where d@/dé@ and d?@/dé@* are the terms represent- 
ing the effect of the relative kinematics on the ac- 
celeration of the output. For constant angular ve- 
locity of the input d?#/dt? — 0 and 








d2B = ( de )’ d2B 


dt? at de? res 


Examination of Equations 1 and 2 shows that for 
given inputs dé/dt and d?@/dt? the absolute output 
velocities and accelerations d@/dt and d*@/dt? can 
be found if the relative kinematics of output to in- 
put d@/d@ and d*g/dé? can be formulated. 

In the following sections the equations for the 
relative kinematics of the oscillating beam, crank 
and connecting rod, and the four-bar linkage are 
developed. 


Relative Kinematics for a Four-Bar Linkage: Fig. 
1 shows a typical four-bar linkage ABCD. In ad- 
dition, a slotted link x is shown pivoted freely about 
D. It can be seen that the slotted link does not af- 
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fect the positioning of the four-bar linkage. Hence, 
if the input arm a is turned through an angle 6, 
the slotted link merely orients itself to conform to 
the independent positioning of the four-bar linkage. 

The addition of the slotted link is shown dotted 
to emphasize that it is extraneous to the basic 
mechanism. The figure graphically bears out the 
fact that the kinematics of a four-bar linkage is 
simply the algebraic sum of the kinematics of an 
oscillating beam ABD and a crank and connecting 
rod DBC. 

A rigorous proof of the foregoing statement fol- 
lows. From the geometry of Fig. 1, 


Differentiating Equation 3 with respect to time ¢ 
yields the angular velocity relation 


ap dy ds 


(4) 
dt dt at 


Differentiating Equation 4 with respect to time ¢ 
yields the angular acceleration relationship 
d2B d2y d28 


dt? dt? dt? 





The mathematics of Equations 4 and 5 indicate 
that y and § are independent variables. However, 
in the four-bar linkage y and § are parametrically 
related by the angle 6. 
Differentiating Equation 3 with respect to 6 gives 
dp ~=—s yy dé 


= + mens ... (4a) 
de de dé 


and differentiating again with respect to 6 gives 


d2p d2y d2s 


_= + (5a) 
de> de> de2 





Substituting Equations 4a and 5a into Equations 1 
and 2, respectively, produces 





d d dé de 
fan = ( A... 2 + — ) ; . (6) 
de de 


dt dt 


and 











Fig. 2—Oscillating beam 
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d2g =(2 <2) d26 
dt2 \ de de dt2 


/ de )*( d2y d28 ) 
“dt dee de 
thus rendering the output velocity and acceleration 
in terms of y and §. Therefore, in order to find the 
output velocity d@/dt and the output acceleration 
d*g/dt? it is necessary to determine dy/dé, d8/dé, 
d?/d@? and d?§/dé?. 

The purpose of establishing the velocity and ac- 
celeration Equations 6 and 7 in terms of vy and § 
for the four-bar linkage is as follows: vy is appli- 
cable as a variable for the oscillating beam, while § 
is applicable as a variable for the crank and con- 
necting rod. Thus the equations for the four-bar 
linkage show, mathematically, their relation to the 
two simpler mechanisms. 





Oscillating Beam Mechanism: In Fig. 2 the oscil- 
lating beam mechanism ABD from Fig. 1 has been 
extracted and reproduced for its analysis. It will 
be shown later that the equations derived for the 
oscillating beam apply also to both the internal and 
external Geneva mechanisms. 

From the geometry of Fig. 2, the following re- 
lationship is established: 


. a sin 6 
sin y = ————__ .......... ra ; ee, 
x 


where, by the law of cosines, 








x= V a2 + d* — 2adcos @ ; (9) 
Thus 
asin ? 
y = sin-! ee Are ... (10) 
E 


Equation 10 is the angular displacement of the os- 
cillating beam. 
Now, differentiating Equation 10 with respect to 














Fig. 3—Crank and connecting rod 
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@ and arranging terms, the relative velocity of the 
output to input is 


dy _ ad cos 6 — a? 


de =a%+d2—2adcosé 





ad cos 6 — a 
= opiate ln fer wae eo hee 


x2 





Differentiating Equation 11 with respect to 6, 








ey (a2 — d?) ad sin @ 
de2 (a2 + d2 — 2adcos @)2 
(a2 — d?) ad sin 6 
= —_———sséeFfe..... ial ee 
at 


Equations 11 and 12 when substituted into Equa- 
tions 1 and 2 with y replacing 8, provide the abso- 
lute velocities and accelerations of the oscillating 
beam. 

Equations 10, 11 and 12 give the complete kine- 
matics of any oscillating beam or quick-return 


Nomenclature 





@= Input angle 
8 = Output angle 
dé/dt = Input angular velocity 
adB/dt = Output angular velocity 
d29/dt? = Input angular acceleration 
ad?8/dt? = Output angular acceleration 


mechanism. These equations are useful in design 
in that one can find the accelerations and velocities 
of the beam and hence the loads, stresses, and 
power requirements necessary for operation. 


Crank and Connecting Rod Mechanism: In Fig. 3, 
the crank and connecting rod mechanism DCB from 
Fig. 1 was extracted and reproduced for analysis. 
In this analysis, the slotted link is held fixed, so 
that a change in § relative to a change in 2 can be 
formulated. From Fig. 3, and by the law of cosines, 


(13) 


b2 = 22 + c?2 — 2xe cos 8 





Solving for x in terms of §, the displacement rela- 
tionship for the crank and connecting rod mechan- 
ism is found: 








zx = ccos &§ + vy c2 cos? § — (c2 — b?) ......(14) 


Differentiating Equation 14 with respect to $ 
gives the velocity relationship for the crank and 
connecting rod: 

c cos & 


V c2 cos? §— (c2—b?2) 








ax 
= -esins (1+ ) (15) 


as 








Another form for the velocity relation is derived 
by differentiation of Equation 13: 






dx xe sin § 


as 






NO ee 
ccosé8 — 2x 


Differentiating Equation 16 results in the accelera- 
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Pa fe] sin @ cos @ a sin 8 2ad cos 8 x? 
Oper. a 20d a2 + d2 
Oper Pecan sin(1) cos(i) Seas }2) $57 72)43) 26.6288 -(5) ¥(6) 
/ 0° 0 40000 G3772 1225/6 4/5 35 
2 jo° |.173¢ | .9948 | 1604 | 2.2348 | 16.3940 | 4/706 | 
4 vo’ |.9eve | 1736 | .9095 | 462¢4 | 25.0004 | $0000 
/0 90° |/0000 r) GRIBS O 26.6206 | $1603 
// /00° 90 9S -16284 | 26.257/ $3157 
Tg /70° 1604 |-9.234% | 36 7636| £97 | 
/9 /f0° -G9.3772 36.0060\ 60005 
20 /90° 
~ 36 350° “a 
37 360° 
Col. No. (15) (16) (17) (18) (19) (20) (21) 
= 2 
pe it 2 cx c2—be+ x2 cos 8 rs) sind c sind 
(13) 2c c2-b2 (17) -1 Cc 
Oper. Tia) woo yA “GIGS +6) (16) cos (i8) sin (19) 2 900s x(20) 
/ O 16,614 -{4368%0 |\-0923 94° 43" | 9960 | 1.9920 
2 -.067/ | 46.62 -/,.2256 |-—0735 | 94°13’ | .9973 | L994 
gy g -/§4/ | 20.000 6 3709 3190 W° 24’ | .9477 | fF £956 
/0 -=/699 | 20.64/ £,0092 3980 G7°/0’ | .92/7 | 48434 
// ~/¥4/ \ 2/.263 9.6376 YS3B3 63°03’ | F914 | 17 F2¢ | 
ys l-wsx | z.e5y | 12.2440 | 7199 | 43°57'| cow | 23792 
9 0 24.002 17,3665 72Y4 Y3° 35’ | 6994 | A3789F 
20 WSS 43°57/ 
36 067/ GY? 13’ 7 
37 O GY? YZ 
Col. No. (29) (30) (31) (32) (33) (34) (35) 
Func- de dx \* = 3 3. dd 1 d6\? 
tion de (55 ) x x * Ox xc sind one ($) 
a 
Oper. |r2yec2a} (27° | > | Bnx25)} oy cot(19) | (25)? 
/ .2223 O 7423 | -. 377s S209 ~0.0925 | .272Y 
2 A$! \ .03€/ \ .793 \-—3732 | ,7202 |-0.0737} .2 674 _ | 
“<_ -.92¢6 | .929|,.b6000 |-,27¢0 | 1055 | 03365 | .21/F 
/o -, 4509 | .§256 | .58/4 |\-—2679 051 a.42// 2/24 
// -,. 4032 | ,?YS | 564% |-2625 | | 05F 0. $0849 2/6F | 
/8 —,2269 OMSF 0/0 \-2742 1203 1.0373 2g9P4 
19 —,/§39 0 ,$009 \- 2757 1/209 40507 3027 
20 ~,079/ a 
36 -3/77 Fig. 4—Tabulating scheme for calcu- 
37 » 2223 lating kinematics of four-bar linkage 
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Col. No. (8) (9) (10) (11) (12) (13) (14) 
— sinY Y ad cos@ | ad cos @-a* 24 (a*-d* ad sin@ x4 
(4) ie ad a2 (11) | (a?-02)ad 2 
Oper, (7) sin (8) 46°76 x(3) (10)- { es2e (6) TE Aa x(2) (6) 
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| 2 0395) 2°/2’| 4.61749 3764S |.21/64| - 20.30 302.55 
~~ wr 
9 S819 | 10°29 | 9.9142 -0.0387 |-001@| -1IF0F | 625.00 
/0 1790 | [@°/9’ 7) -0.8GF29 \~0320| - 16.85 709. 1/0 
Td | 9°51 | -0.8/4R  |- 1.6679 \-,.0890) - 15. 0F | 799.46 | 
19 |,02¢7| /232'|-4.6/74 |-5 4702 |-1526| - 20.30 | 1276.23) 
/9 0 ry) -Y,68?G |-§,.54/5 \-=/539 Oo 1296.43 
| 20 - /? 32’ —/525 
36 -2°/2’ 2164 oa 
37 0 2223 
Col. No. (22) (23) (24) (25) (26) (27) (28) 
Func- , ° dd ax dd 
mi. Le ets a eee la oe 
c (24) ad (26) 
Oper. z0000 jet (7)x(21) | (22)-(7) (23) saree }i(2) (7) (25) x (27) 
/ -0.1/64%6 82735 | -¥.3/82 |- 5219 O O O 
2 -0.1470 9.3187 |-4.3175 |-.5/90 0.8192 AVFRZ | -. 1043 
a “ 0.63£0 9.9780 | -4.36/9 |-.4G0Z | 46/74 9235 | -— 4250 
/0 07760 9.5120 | -4.3993 \-.46097 | 4666 F006 \-. 4/1 EF 
Mf 0.9066 9.9703 |-4. 9092 |\-.Y453 | 4%. 6/74 S686 |-. YOUR 
 e 49397 | £3134 \-4.5979 |-5972 | ag7y2 |.1360 |-.07499 | 
19 1.4498 §.2735 |\-¥.$$/7 \-.£§02 Oo Oo 0 
20 40744 
LA —~ 
36 1013 
37 QO 
Col.No. | (36) (37) (38) (39) (40) (41) (42) 
Func- db adcos@ | dd’ adcos@ da 
tion cot oF, x ax x dad @ p 
-|(32)+ (10) (40)+(38) 
mani. [ (10) 
per. |(34)+(35) (33(36)] (30)x(37) (7) (25)x (39) + (15) (9) +(19) 
/ — 0226 | .2777 O 1/288 —589/ -—SIF/ 94° Y3/ 
=. —0/97 | .2727% | .0/04 |\74./07/ -. 5746 =—63/3 96° 25" | 
r~ 9 073 | .0992| .0v46 | ,/62F - 0749 -1744 | 8° $2’ 
/0 .OF7F7 O734 0606 0 i) —/0492 77° 29° 
// 1007 OIGF \OY2E | =/$3B2 07/13 70303 7Z2° SY" | 
~~ yg W06G \-.1867 — 0029 |\-—77/0 4219 YOR 45 ° 297 | 
/9 \BISO \7163F O - 7F/4 _I29F .Y299 43° 35°" 
20 — 0029 .4219 4BYF 42° 257 | 
_ 0104 ~, 5746 -.497)/ 92° or" 
37 7) -,5GF/ —-.FF9/ GY? Y3" 
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tion relationship for the crank and connecting rod: 


d2z ( 1 2 )( dx )" 
: saa _ Te eZ 
ds? ec (cosé) —2z x aé 


xc cos § 











.(17) 





ec (cosé) —2z 


where x is given by Equation 14. Equations 14 
through 17 give the complete kinematics for a crank 
and connecting rod mechanism. 


Four-Bar Linkage: The analysis of the four-bar 
linkage can now be presented using the results of 
the preceding analyses. 

The displacement equation of the output crank 
c, Fig. 1, is 


B=yt 8 (18) 


where y and § are given by Equations 10 and 13. 
Therefore, 


asin 6 c2 + x22 — b2 
B = sin-! —————- + cos"! 
x 2cx 


(19) 





where x is defined by Equation 9. The basic rela- 
tive velocity equaiion for the four-bar linkage is 
given in Equation 4a as 


dp 


dy dé 
— + 
de dé dé 


where dy/dé@ is given in Equation 11 and d§/dé@ can 
be written as 


Term d§/dx is the reciprocal of Equation 16. In 
order to find dx/dé, Equation 9 is differentiated 






































100 ——— 

80 le 
3° r 
rs a 
eo 
a” os 
< Line of symmetry 
a —for 7&5 
6 »}—— 

° 
¥ (cI.9) 
= 90 180 270 360 





Input Angle, @ (deg) (col. !) 


Fig. 5—Symmetrical angular displacement curves 
for oscillating beam (7) and crank and connecting 
rod (8), and resulting nonsymmetrical curve for 
four-bar linkage (8) 


with respect to 6: 


dx ad sin @ 


ame a (20) 
dé x 
The velocity ratio d8/dé@ can be written as 
d d ds dz 
2 a 4 SSS. (21) 
de de dx dé 


The acceleration equation for the four-bar linkage 
is given in Equation 5a as 
d2B d2y d2s 


= + 
de? de? de? 





where d’7/dé? is given in Equation 12 and d?§/dé? 
is obtained by differentiating d3/d@ with respect to 
6, as follows: 


d?§ d ( dé ) . d ( di dz ) 
de2 do \ de / de \ du de 
me ( dx )" ds + dé ( d*x ) 
NO de ax? dz \ dez /- 
In Equation 22, dx/dé and d§/dx have been estab- 


lished previously. It is necessary therefore to eval- 
uate d?§/dx? and d?x/dé@? to complete Equation 22: 


(22) 















































ae d ( dé ) = d ( ec 
dx? - dz dx - dx xc sin & 
2 dé 
->— i - + (cots) X 
2 dz xe sin & 
dé \2 
(a (23 
dx 
Also 
06 a 
04+-———_ <j 
dv 
2 yao (col. 12) Vd 
$ 02 a4 7 
§ ° ® 4 >* 
2 \ Sone  _ 
3 -o2 Pal | 
- 08 97 9 Line of symmetry 
a de dé 20 tor a B 
2 Hite Oe 
£8 (co1,28) 
= 90 180 270 360 








input Angle @ (col.!) (deg) 


Fig. 6—Angular velocity curves correspond- 
ing to displacement curves in Fig. 5 
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Acceleration Coefficient 
' 








com ot ae ( Set. (SY 
de2 de de / 4d r 
dx 2 
ad cose ~ ( ) 
. de 
- > inte ee ea 


After Substitution of Equations 23 and 24 into 
Equation 22 the final acceleration coefficient is 


a5 ( 


de2 
(cot 8) ( 


dx 


)[ 3 dé + 1 
onmeetiaas anne aeneeneeat a \ 
de x dz xe sin § 





dé 


ze) J+ 


Equations 19, 21 and 25 represent the complete 
relative kinematics of the four-bar linkage. The 
absolute kinematics of the output can now be es- 
tablished with relative ease from Equations 1 and 2. 
The absolute velocity of the output as given by 
Equation 1 is 


di adcos 6 


dz (25) 


dp de 

“de dt 

where d@/d@ was determined in Equation 21 and 
d6/dt is absolute angular velocity of the input in 
radians per sec. The general expression for the ac- 
celeration of the output was given in Equation 2 
and it applies to accelerated inputs. However, 
Equation 2a is of more practical use in the over- 
whelming number of dynamic analyses, because it 
applies to a constant velocity of the input. 


Tabulating Scheme: The tabulating scheme ap- 
plied to the four-bar linkage makes use of the im- 
portant fact that the oscillating beam and crank 
and connecting rod are symmetrical mechanisms. 
Hence, calculating work is practically cut in half. 
This can be understood by realizing that a four- 








- a ~ | 2 (col.42) _| 
r * a¢ oy &% 
J | \<(e88 
a (col. 38) 7 . 
> / - . Ex~~ 
. 4 ~ . NK 


r £8 cot —\ 


J J (col. 15) [tine st ommmey\ 
| (15)(38), {804,8 (38+40) 
















































input Angle @ (col.!) (deg) 


Fig. 7—Angular acceleration curves corres- 
ponding to displacement and velocity curves, 


Figs. 5 and 6 
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KINEMATIC ANALYSIS 


bar linkage is inherently a nonsymmetrical mech- 
anism and requires an analysis over the entire 
driver cycle. Using the approach described in this 
article eliminates the necessity of full cycle analy- 
sis except in the final output columns for displace- 
ment, velocity and acceleration. 

The work sheet system shown in Fig. 4 is de- 
signed for ease in calculating the kinematics de- 
scribed. It is anticipated that some sort of calcu- 
lating machine will be used where accuiacy is re- 
quired. A slide rule, however, will give results com- 
parable to the graphical solutions. Each column in 
the table calls for a single operation, many of which 
are simply multiplication by or addition of a con- 
stant. This scheme permits rapid calculations with- 
out accumulative errors. 

Velocities and accelerations accurate to a fraction 
of one per cent are attainable by using four decimal 
places for trigonometric functions and no more 
than five significant figures for all other functions. 
Angles sould be established to the nearest minute. 

The top section in each column heading is the 
column number given in parentheses to distinguish 
it from a numerical value. The middle section is 
the function itself giving the column relationship to 
the equations. The bottom section indicates the 
operation to be performed in the column. Space for 
the numerical values for the constants involving 
a, b, c and d, as defined by Fig. 1, is provided where 
necessary. 

The following columns give the end results for 
the stated mechanisms. 








Col. Equation Factor 

(9) 10 Displacement angle for oscillating 
beam 

(12) 11 Angular velocity ratio for oscillating 
beam 

(15) 12 Acceleration relation for ocsillating 
beam 

(29) 21 Velocity ratio for the four-bar linkage 

(41) 25 Acceleration coefficient for the four- 
bar linkage 

(42) 18 Displacement for four-bar linkage 





Fig. 8 — External 
Geneva mechanism 


The example worked out in Fig. 4 represents the 
complete kinematics of a four-bar linkage which 
With the aid 


has actually been used in industry. 











of the tabulating scheme, the actual calculating 
work has been practically cut in half, due to the 
fact that nearly all the columns are symmetrical 
around driver crank angle 6 = 180 deg. 

Referring to the symbols used in Fig. 1, the di- 
mensions of the linkage members are: crank, a = 
0.9235 inch; connecting rod, b = 4.756 inches; 
crank, c = 2.000 inches; center distance, d = 5.077 
inches. 

The operational steps used in calculating the 
kinematics of the output crank are easily followed 
in the table. Values inserted in the column heads 
for this example are indicated by underline. The 
36 points in column (1) were taken for 10 deg in- 
crements around the driver cycle, Columns (2) 
and (3) were filled in for 10 points only, columns 
(4), (5), (10), (13), (26) were filled in for 19 
points, but due to their symmetry around the 90-deg 
input angle @ only 10 points were calculated and 
the rest were merely filled in with their proper 
signs. All other columns with the exception of 2¥ 
41 and 42 were calculated for only 19 points. 

Symmetry of the outputs of the simpler com- 
ponents of the four-har linkage—the oscillating 
beam y and the crank and connecting rod § around 
the 180-degree input angle @ is illustrated graph- 
ically by the kinematic curves in Figs. 5 to 7. Fig. 
5 shows angle § to be completely symmetrical while 
y is equally so except for a sign reversal. Figs. 6 
and 7 show the same characteristics. On the other 
hand, @ in Fig. 5, d@/dé in Fig. 6 and d*8/dé? in 
Fig. 7, representing the kinematics of a four-bar 
linkage, are nonsymmetrical. 

Tables like Fig. 4 can be drawn up for the crank 
and connecting rod mechanism using Equations 14, 


15 and 17. 


Geneva Mechanism: Fig. 8 represents an external 
Geneva. The kinematic equations for the Geneva 
wheel during the active part of the cycle are the 
same as those derived for the oscillating beam in 
Fig. 2. For a given number of slots, n, in a Geneva 
wheel, the relation between dimensions a and d is 

180 
a= dad sin ——............... —— eer 
n 
Now, the kinematic equations for the oscillating 
beam mechanism apply to the external Geneva for 
crank angles @ between the limits of 0 and + (90— 
180/n) and the internal Geneva for crank angles @ 
between the limits of 180 and + (90—180/n) deg. 

As an example of Geneva application, suppose 
the kinematics for a 6-slot external Geneva is re- 
quired. From Equation 26 

a a 
“= = 2a 


180 sin 30 
sin = 





The limits for the crank angle 6 become 0 to + (90 
—180/6) deg or 0 to + 60 deg. 

The analysis made in this article has been re- 
stricted to that of the four-bar linkage and its as- 
sociated simpler mechanisms. The method used, 
however, can be expanded in an orderly fashion to 
many combinations of linkages. In this case, it 
is merely necessary, in making the analysis, to use 
the output of the first linkage as the input to the 
next. This process can be continued until any de- 
sired motion is determined. 





Solid Lubricant Reduces Ball Bearing Friction 


UBRICATION of ball bearings with grease or 

oil in applications where starting friction and 
friction at very low speeds must be low, results in 
higher friction than the dry bearing would pro- 
duce. One such application is in a Baldwin-Lima- 
Hamilton spring tester of 5 pounds capacity, in 
which six precision ball bearings serve as the 


Fig. 1—Dotted lines show results with unlubricated 
bearings. Solid lines show results with molybdenum- 
disulfide lubricated bearings 


a.m 2... 
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VERTICAL DEFLECTION OF BEAM 
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LéfT SIDE = ~—» RIGHT SIDE 
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pivots of an equal arm balance. Recent tests indi- 
cate that a solid lubricant will reduce friction val- 
ues in such service to less than those of the dry 
bearing. 

In the tests, the beam was balanced with 5 
pounds on each of the two bale rods. Weight of 3 
grams was then added to the right bale rod in in- 
crements of 1 gram; weights were then removed in 
increments and added to the left bale rod, readings 
being taken of the deviation of the beam from hori- 
zontal in 0.001-inch units. 

Broken lines, Fig. 1, show the results with dry 
bearings, divergence of the lines indicating a total 
zero shift of 0.015-inch due to friction of the dry 
bearings. Solid lines show results obtained using 
molybdenum-disulfide treated bearings. 

Dry bearings were prepared by thoroughly wash- 
ing in solvents and drying. The other bearings 
were thoroughly washed in solvent; Molykote Type 
G molybdenum disulfide lubricant applied and bear- 
ings run at 2500 rpm for one minute. This was 
followed by a thorough solvent washing to give a 
completely dry bearing with a thin coating of mo- 
lybdenum disulfide on all bearing surfaces. 
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Calculating 


Tearout Strength for 


[MACHINE DESIGN 


Data Sheet 


Cantilever Beams 


By B. Saelman 


Engineer 
Lockheed Aircraft Corp. 
Burbank, Calif. 


HERE ARE many instances in which canti- 
lever beams carrying high axial bending 
loads are supported on relatively thin bases. 
Under these conditions, shear tearout failure of 
the base is likely to occur. Some examples of 
where cantilever beam, shear-tearout failure may 
happen include a beam welded in a shallow socket, 
axle jack-pad under side load or a lug supported 
by a thin tube such as employed in the design of 
a landing gear shock strut, Fig. 1. 
Generality of the elementary expression My/I/ 
when applied to the integration of linear functions 
is well recognized in connection with the calcula- 


tion of axial bending stresses. However, it is also 
the basis for the evaluation of shear stresses with 
linear variation in this data sheet. 

With reference to Fig. 2, there is the basic re- 
lationship 


pi=m={ S,ydA (1) 
“Cc 
where 
rsinéS8, 
8s, = —_— (2) 
Ymar 


for an assumed linear distribution of stress across 


Fig. 1—Typical examples where shear tearout may occur 
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Shear failure ot base 
of lug 





Circular shear failure 









Circular tube 
welded to 
base 
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the section Fig. 2b. Also from Fig. 2c, 


dr \* 
hy r + (—) dé (3) 
de 


and from Fig. 2b, 





dA hds = 





y r sin @ ‘ (4) 


Substituting the values in Equations 2, 3 and 4 
into Equation 1 shows the expression for the shear 
resisting moment between the joint and the beam 
to be 


Sh “ae f @ s 
M | r2 sin? @ yr ( ) de 
Ymax ~ 0 . dé@ 


8, h © ° (5) 





(EY SEE RE TT ST Te a GL Te aS 
Nomenclature 


A Area over which shear force acts, in. 
a Length of semiminor axis of ellipse, in. 

b Length of semimajor axis of ellipse, in. 

C Beam shape factor, in. 

h Thickness of supporting base of beam, in. 
I Moment of inertia, in.* 

l= Beam length, in. 

M Applied moment, Ib-in. 

P Load, Ib 

r = Radius to outside contour of beam, in. 
8, Allowable shear stress, psi 
S; Shear tearout stress, psi 

8 Arc length, in. 

y = Distance from point on beam to neutral 

x-axis, in. 

6 Angle corresponding to r, radians 
o, — Bending stress, psi 
Contour function for beam shape 


thin metal base, a. 




















Fig. 2—Axial bending load applied to cantilever beam welded to 
Beam contour and assumed linear stress dis- 
tribution across section, 6, and shear tearout elemental area, c y 


r=9(@) 
r 
Neutral 6 
axis J x Per 
A _ 








where C equals the value of the integral divided 
bY Ynae. Solving for h gives 


M 
S.C 





h (6) 





Thus base plate thickness and/or cantilever 
beam wall thickness required to prevent shear tear- 
out can be determined from Equation 6. 

Example 1: Assume that a 347-1A weldable, 
stainless-steel tube is welded to a socket as illus- 

trated in Fig. lc. The tube has a radius r = 0.5- 

inch and a bending moment M = 5000 lb-in. For 

an allowable shear stress 8, = 40,000 psi, from 

Equation 6, h = 0.16-inch, the thickness required 

for the base. Similarly for a bending stress o, 

75,000 psi, from Equation 6, h = 0.085-inch, the 

minimum wall thickness of the tubing. For this 

type of stainless steel tubing of 1 inch diameter, 

the only standard tube wall-thicknesses are 0.035 

and 0.12-inch; hence the 0.12- inch wall-thickness 

tubing is chosen. For purposes of weight reduc- 
tion, the tube could be turned down to the calcu- 
lated 0.085- inch wall thickness. 

Equations for computation of C and curves for 
determining its value directly are given in charts, 
Fig. 3, for circular, rectangular, elliptical, and I or 
channel-shaped cantilever beam sections. Similar 
equations and curves could be determined for other 
beam shapes. Then from Equation 6 base plate 
thickness or wall-thickness of tubes in cantilever 
beams required to prevent shear tearout can be 
quickly evaluated. 


Limit Design: Stress is considered constant and 
maximum at every point across the cantilever beam 
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Beom Shape Factor, C (in: ) 








Beom Shope Factor, C ( 








section in limit design. Therefore in Equation 2, 
r sin 6/Ymaz = S; = S,. It follows then that 


M 
) ae 


ar dr 
nf rsin@ yr? + ( 
0 dé 


Solving for h for circular shear failure in limit 
design gives 


8, = .(7) 














CANTILEVER BEAM TEAROUT 


In the case of an ellipse in limit design for loads 
parallel to major axis b 








M 
8, = ————m —— — (11) 
a/2 
1 nf bsin @ V b* cos* 6 + a? sin?@ dé 
0 
Solving Equation 11 and rearranging gives 
M 
h ae ————» (59) 
a- a \ 
s,2b ( b —___—— log, ———_____ } 
Vv 0*—a- b+ Vv 02-— a? 


Limit design, beam shape factor curves, similar 
to those in Fig. 3, can be easily set up if required 
and solutions quickly obtained from Equations 8, 
9, 10, or 12. 


Fig. 3—Equations and curves for evaluation of beam 





M 
A= —..... (8) 
S, 4r? 
For cantilever beam of a rectangular section 
M 
er —— — (9) 
s, (— + bd ) 
and for an I-section or channel 
M 
h —_—______—. (10) 
2 \ 
8 -+2 
( +204) 
shape factor C 
30-74 tT a T | 
} 4 
t | | 
- + 
7 oon | | 
t | + 
+ | + 
r 
20t- t ; 
bt + : 
L Ctr + . 
r - ¢ 
shetty on in | 
+ 
T 
4 









‘ae eren se oe e ee ee ee 





| 
| 
Fee Pree 


2.0 25 


r 
w oan 


T 

| + 
ere Per 

1.0 1.5 


Beam Rodius, - (in) 














| 
} ’ | 
Seat Se 





2.0 25 


Beom Width, 6 (in) 


MACHINE DESIGN—January 1954 


~ 


for typical beam cross-sections 
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Scientists Vindicate 
NBS Stand on AD-X2 


Last spring, Secretary of Com- 
merce Sinclair Weeks asked Dr. 
Detten W. Bronk, president, Na- 
tional Academy of Sciences to ap- 
point a committee to appraise the 
quality of work done by the Na- 
tional Bureau of Standards in re- 
lation to a battery additive known 
as AD-X2 which its makers 
claimed would extend the life of 
lead-acid storage batteries, among 
other things. The conclusions of 
the committee of which Dr. Zay 
Jeffries, vice president (retired) 
General Electric Co., Chemical 
Div., is chairman, were recently 
published. 

Findings of the committee, com- 
posed of outstanding scientists 
from the fields of education, engi- 
neering and research, were that 
the quality of the Bureau of Stand- 
ards’ work in the field of lead-acid 
storage battery testing is excel- 
lent and that relevant data avail- 
able to the committee are ade- 
quate to support the position of 
the Bureau of Standards that AD- 
X2 is without merit. No addition- 
al tests on the merit of AD-X2 
were recommended by the com- 
mittee. 


ASME Lecturers Honored 


Seven engineers, chosen to rep- 
resent The American Society of 
Mechanical Engineers as lecturers 
because of distinction in their re- 
spective fields, were awarded cer- 
‘‘ficates of recognition at the pres- 
ident’s luncheon at the annual 
ASME neeting. 

Engineers honored were Earle 
Buckingham, professor emeritus in 
the Department of Mechanical En- 
gineering, Massachusetts Institute 
of Technology, for his lecture, “Di- 
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LIGHT ALLOY CASTINGS used in a 1954 Chrysler sedan reduce 


its weight by approximately 183 


pounds. Even wider use of alumi- 


num and iy ae sany castings in a convertible reduces weight by 


225 pounds. 


g the parts shown are pistons, oil filter housing, 


fuel pump, automatic transmission parts, steering column shroud, 
power steering housing and torque converter parts 


mensions and Tolerances for Mass 
Production ;’’ Jacob P. Den Hartog, 
professor of mechanical engineer- 
ing, Massachusetts Institute of 
Technology, for his lecture, “Vibra- 
tion;”’ Clayton O. Dohrenwend, re- 
search engineer, Department of 
Mechanics, Rensselaer Polytechnic 
Institute, for “One Hundred Years 
of Scientific Achievement in Me- 
chanics of Solids;’”’ Charles Lipson, 
engineering consultant, Detroit, for 
his lecture, “Stress and Vibrations 
Problems in Industry;” Glenn Mur- 
phy, head of the Department of 
Aeronautical Engineering, Iowa 
State College, for his lecture, 
“Problems of Nuclear Power De- 
velopment;” Jesse Ormondroyd, 
professor in the College of Engi- 
neering, University of Michigan, 





for his lecture, “Vibration Meas- 
uring Instruments;” and _ Irwin 
Vigness, head of the Shock and 
Vibration Branch, Naval Research 
Laboratory, Washington, D. C., for 
his lecture, “Problems of Mechan- 
ical Shock and Vibration of Con- 
cern to the Armed Forces.” 


Engineering Makes 
Television Debut 


Engineering has entered the 
field of adult education via tele- 
vision in the telecourse “Engineer- 
ing: Building the Modern World,” 
produced by the University of 
Michigan, College of Engineering. 
Six leading engineering professors 
have been teaching the 15 half- 
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hour lessons designed to present 
information understandable to the 
layman. 

Carried on TV stations in De- 
troit, Lansing and Kalamazoo, the 
course has included lessons on the 
principles of flight and streamlin- 
ing, automatic controls, vacuum 
tubes and transistors, petroleum 
refining, chemical processing, diesel 
and internal combustion engines, 
nuclear engineering, metal cast- 
ings, strength of metals, and food 
preservation by irradiation. 

Dr. Robert R. White, professor 
of chemical and metallurgical en- 
gineering, coordinator of the tele- 
course, says “Engineering is the 
art and science by which the prop- 
erties of matter and the sources 
of power in nature are used in 
structures, machines, and manu- 
factured products, and we propose 
to show in the telecourse exactly 
how this is done. We are going 
to focus most of our attention on 
fundamentals and show problems 
that come up when we have to use 
fundamentals. Engineering is al- 
ways a mixture of art and science, 
plus intuition and guesswork.” 


Briton Says 
British Jets Better 


Great Britain is five years ahead 
of the United States in jet engine 
development according to Dr. 
Owen A. Saunders, member of 
the air gas turbine collaboration 
committee for British aero engine 
firms, member of his government’s 
Aeronautical Research Council 
and professor of mechanical engi- 
neering at the Imperial College of 
Science and Technology, Univer- 
sity of London. He attributed his 
country’s lead in jet engine devel- 
»pment to continuous work in that 
field since 1943, while U. S. efforts 
were initiated at a later date. Col- 
laboration among jet engine man- 
ifacturers in Britain is also a fac- 
‘or in aiding jet engine develop- 
ment. 

Certain other opinions were also 
‘xpressed by Dr. Saunders in an 
interview at Illinois Institute of 
‘echnology where he appeared as 
Suest lecturer on heat transfer re- 
ently. Jet planes will fly at twice 
the speed of sound in ten years, 
ine predicts, and the need for mili- 
tary pilots will cease by the end 
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BIGGEST BELLOWS ever 
manufactured are stainless 
steel expansion joints for a 
supersonic wind tunnel be- 
ing built for NACA at 
Cleveland. A total of 13 ex- 


ansion joints, ranging 
rom 5 feet to the 28-foot 
diameter joint shown here 
were built for the project by 
Solar Aircraft Co. 


of one more generation. Guided 
missiles will presumably be re- 
sponsible for this “technological 
unemployment.” 

Jets in commercial aviation will 
be solely for prestige with propel- 
lor turbine engines supplanting re- 
ciprocating engines in the future. 


Commercial pilots will still be 
needed because of the emphasis 
on reliability’ and safety in civil 
aviation, Dr. Saunders said. 


Steel Use Reflects 
Growth of Western industry 


A recently published survey 
made by Kaiser Steel Corp. esti- 
mates consumption of finished 
steel mill products during 1953 for 
the seven western states of Cal- 
ifornia, Oregon, Washington, Ida- 
ho, Arizona, Nevada and Utah at 
6.3 million tons. This exceeds the 
previous record high of 5.98 mil- 
lion tons for 1951. Total U. S. con- 
sumption during 1953 has been es- 
timated at 81.48 million tons which 
is also an all-time high. Consump- 
tion in the seven Western states 
during 1953 is approximately 7.75 
per cent of this total. 

During 1952, California, Oregon 
and Washington used 5.13 million 
tons of steel mill products. This 
amount is 7.9 per cent of the U. S. 
total for ’52. In 1947 the same 
three states used approximately 
3.3 million tons or 5.25 per cent 
of total U. S. production. 

A subregional breakdown of con- 
sumption in the seven western 
states for 1952 shows that 80 


COLOSSAL COLUMN being turned here on an equally large lathe 

is one of eight to be used in 30,000-ton Mesta Machine Co. hydrau- 

lic die forging press. Forged from a 500,000-pound ingot, the 

column is 76 feet long and is being turned to diameter of 40 inches 
on a 96-inch capacity Mesta lathe 
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SUPER TRANSISTOR is 
100 times more powerful 
than present commercially 


available models. Low 

wer-handling capabilities 
ave been one of the chief 
drawbacks of transistors, 
preventing their use in 
many applications. Twenty- 
watt output of this Minne- 
apolis-Honeywell developed 
transistor is enough to oper- 
ate motors, valves, relays 

and other equipment 


per cent of the total was used in 
California, 15 per cent in Oregon 
and Washington, and the remain- 
ing 5 per cent was distributed 
among Arizona, Nevada, Utah and 
Idaho. Mills located in these seven 
Western states provided 58 per 
cent of the steel used by them in 
1952. 


A computer center for solving 
the problems of industry and busi- 
ness which cannot be solved by the 
usual techniques ‘is maintained by 
the Armour Research Foundation 
of Illinois Institute of Technology. 
Two recently added electronic 
brains and the other digital and 
analog computing equipment have 
enabled the Foundation to reduce 
waiting time for the start of 
work on a problem to one month. 

Established in 1950, the center 
is staffed by engineers, mathemati- 
cians and physicists who translate 
problems into the special language 
of a particular computer. Bro- 
chures describing the equipment at 
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the center and types of problems 
the computers can solve are avail- 
able from the Computer Center, 
Armour Research Foundation of 
Illinois Institute of Technology, 
Technology Center, Chicago 16, III. 


Awards Presented 
At ASME Meeting 


Three awards established by The 
National Machine Tool Builders’ 
Association were presented for the 
first time at the honors luncheon 
held at the recent annual meeting 
of The American Society of Me- 
chanical Engineers. 

Machine Tool design and econ- 
omic value awards were awarded to 
Ernest Wildhaber, mechanical en- 
gineer at the Gleason Works, 
Rochester, for his paper, “Manu- 
facture and Application of Glea- 
son Toothed Face Couplings and 
Clutches ;” to Robert R. Slaymaker, 
professor of machine design at Case 
Institute of Technology, and con- 
sultant for Cleveland Graphite 
Bronze Co., for his paper, “Bearing 
Design Using Concentric Journal 
Theory,” and to Carroll R. Alden, 
research engineer, Ex-Cell-O Corp., 
Detroit, for his paper, “Electro- 
spark Machining.” 

Gannt Medal of the society was 
awarded to Thomas E. Millsop, 
president, Weirton Steel Co., Weir- 
ton, W. Va. on behalf of the ASME 
and the American Management As- 
sociation. Mr. Millsop was cited as 
“industrialist, educator, humanist 
and public official whose life has 
been dedicated to selfless service 
to others.” 


Steel Founders’ Announce 


Product Development Contest 


A total of $3500 in prize money 
will be awarded to winners of a 
Product Development Contest, an- 
nounced by the Steel Founders’ 
Society of America, for new appli- 
cations and improved designs of 
steel castings. Entries must be 
submitted by November 1954 and 
must have been developed since 
January 1, 1951. 

Eligible contestants have been 


divided into two classes. Class 1 
includes all employees of produc- 
ers of steel castings in the United 
States, Canada and Mexico except 
members of the National Product 
Development Committee of the So- 
ciety. Class 2 includes all other 
persons, such as design engineers, 
employees of customers of the 
steel castings industry, and col- 
lege students. 

Complete details are obtainable 
from Steel Founders’ Society of 
America, 920 Midland Bldg., Cleve- 
land 15, Ohio. 


More Materials Decontrolled 


Revocation of a _ regulatory 
measure titled “Designation of 
Scarce Materials 1” was announced 
recently by the Business and De- 
fense Services Administration, De- 
partment of Commerce. Designa- 
tion of Scarce Materials 1 was is- 
sued by the National Production 
Authority, predecessor agency to 
BDSA, to carry out the antihoard- 
ing provisions of the Defense Pro- 


MINIATURE MILL: Accu- 
rate and rapid tube reduc- 
ing and tube sizing is said 
to be ible with new 
small rolling mills having 
3 and 4-inch diameter rolls. 
One of the applications for 
which the small mill made 
by Stanat Mfg. Co. is well 
suited is the processing of 
tubular heating units in 
which a Sa powder 
must be compacted around a 


resistance element 
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duction Act. The document speci- 
fied as scarce the strategic alloy- 
ing materials, chromium, cobalt, 
columbium and tantalum, molyb- 
denum, and nickel, and also dia- 
mond grinding wheels, all of which 
are now free from government con- 
trols on use, allocation and inven- 
tory except for military and atom- 
ic-energy orders. 


Enter— 
The Color Engineer 


The color “engineer” is putting 
sleight-of-hand illusions to work to 
make your car more appealing. V. 
M. Exner, director of styling, En- 
gineering Div., Chrysler Corp., re- 
ports that color has become an 
important sales factor—making an 
automobile appear larger, longer, 
wider and lower. 


Warm colors—ivory, cream, red, 
orange and yellow—will make a 





car appear larger, added length can 
be achieved by using horizontal 
chrome stripes on dark colored 
cars, and light colors give a wider 
effect. Two-toning lowers the ap- 
pearance of the car and the use of 
lighter colors beneath the belt line 
and darker ones above make the 
car appear lower and longer. 
Trends for color in automobiles 
are predicted by studying color 
trends in other industries, in wom- 
en’s fashions, interior decorating, 
furniture and foreign markets. 
Color preferences vary accord- 
ing to age groups, regions and in- 
come. Seasonal preferences also 
follow a pattern. It has been found 
that persons who live in the sunny 
areas (Texas, California and Flo- 
rida) prefer brighter colored cars 
while those who live in Northern 
areas (Seattle, New York) prefer 
the darker blues, greens and grays. 
As for income, darker tones are 
preferred by those in the higher 
income brackets. Mr. Exner ob- 


ENGINEERING HISTORY: About 4300 volumes, including 15 
books from the 16th century, 33 from the 17th and 154 from the 
18th century, make up the William Freeman Myrick Goss Mem- 
orial Library of Engineering History at Purdue University. Al- 
though the books are not loaned, they are available for use in the 
library by the general public as well as students and staff 
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Emsco Mfg. Co. 


served that a limousine will prob- 
ably never appear in a sporty yel- 
low color! 


Ordnance Asks For 
Light, Compact Equipment 


A recent bulletin issued by Ma- 
jor General E. L. Ford, Chief of 
Ordnance points out that the next 
war, if any, will probably be won 
or lost quickly. Extreme mobility 
will be required of our armed forc- 
es—the capacity to deliver rela- 
tively large forces of men rapidly 
to any part of the world, despite 
mud, mountains, morasses or lack 
of roads. Such mobility is only at- 
tainable with an air-liftable soldier, 
a soldier with light, compact equip- 
ment. A soldier’s equipment today 
is not merely a rifle and ammuni- 
tion. Trucks, jeeps, large-caliber 
guns and a host of other items 
make up a soldier’s tools. 

To aid designers of Ordnance 
material in producing such equip- 
ment, the Ordnance Department 
has published pamphlets titled 
“Air Transportability of Materiel” 
and “Limitations of Materiel for 
Air Transport.” Additionally, a 
“Guide to Manufacturers in De- 
veloping Light and Compact Army 
Equipment” is currently being cir- 
culated to the Staff for comment. 

Suggested methods for lighten- 
ing Ordnance materiel include 
greater use of aluminum, magnes- 
ium, titanium and high-strength 
steels. More exact stress analyses, 
new ideas and ingenious uses of 
both old and new materials should 
also help to achieve the desired 
result. 

Redesign of representative items 
is now being contemplated. De- 
partment of Defense authorities 
have assured the Army that. both 
magnesium and aluminum will be 
made available for justifiable uses, 
if the requirement is made known 
sufficiently in advance. 


Addition of a swivel fitting de- 
partment has been announced by 
Ball bearing 
swivel fittings will be manufac- 
tured by the new department. 
























With four automakers yet to be heard from, 
the trend to overhead valves, V-eight and higher 
horsepower seems to be continuing. Two new 
overhead-valve V-eight engines have been intro- 
duced (Mercury, Buick) to bring the total num- 
ber of such engines used in the cars reported here 
to nine in contrast to three L-head in-line eights, 
two overhead-valve in-line sixes, and thirteen L- 
head in-line sixes. Only three makes of auto- 
mobiles are not making higher horsepower en- 
gines available in their 1954 models. Horsepower 
increases range from 5 to 55 horsepower in pre- 
viously manufactured engines and have been ob- 








CHRYSLER 


Rounding Up the 1954 Automobiles 








tained by raising compression ratios, improved 
manifolding, improved valve gear, dual exhausts 
and more-barrel carburetors. 

Styling or body changes are primarily of the 
face-lifting variety. Buick’s wraparound wind- 
shield and Mercury’s transparent top on a sports 
model are probabiy the most unusual styling 
features to appear to date. Much emphasis is 
being placed upon new, colorful interior fabrics 
and interior treatments. Nylon, vinyls and vinyl- 
faced upholstering materials are being used on 
many of the new cars. 

Models not covered here will appear in February. 




















UTSTANDING changes in the ’54 Chrys- 
lers are more powerful versions of the 
Firepower V-8, a fully automatic torque con- 
verter transmission, new front suspension 
which reduces body lean on turns, and a 
smoother, more solid ride resulting from stif- 
fer frame, and new body and rear-spring 
mounting. Body changes include wraparound 
rear window plus grill and trim modifications. 
Horsepower of the Chrysler Firepower V-8 
has been increased from 180 to 195 in the New 
Yorker and to 235 in New Yorker DeLuxe, 
Custom and Crown Imperials. Intake valve 























and port diameters were increased %-inch, ard exhaust valve and 
port diameters by 44-inch to give the New Yorker its 15 more horse- 
power. The same valve and port diameter increase combined with 
four-barrel carburetor, larger air cleaner, larger cross-sectional area 
of intake and exhaust manifolds, and that favorite of the hot rodders 
—~dual exhausts, add up to 55 more horses for the New Yorker De- 
Luxe, Custom and Crown Imperials. Dual exhausts result in more 
efficient silencing, unlike those usually used on the hot-rods. 

Chrysler’s Powerflite consisting of a torque converter and two- 
speed planetary transmission, has an overall torque multiplication 
of 4.47 to 1, claimed to be’ the highest starting ratio in the in- 
dustry. Torque converter multiplication is 2.6 to 1 and starting gear 
ratio is 1.72 to 1. As shown by the inset, the transmission has no 
parking position and the selector lever is “gated” to make shifting 
by feel possible. An internal-expanding hand brake at the rear 
of the transmission is said to eliminate the need for the parking 
brake. Shifting from reverse to low does not require passing through 
drive or neutral position; the selector lever when pulled 
toward the steering wheel can be moved from reverse 
directly to low or vice versa. This should facilitate 
“rocking,” when necessary. Also available on DeSotos 
and Dodges, Powerflite is said to weigh less and have 
fewer parts than other automatic transmissions. 
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cL REVERSE PLANETARY GEAR SET New Yorker 
GOVERNOR Windsor New Yorker Deluxe* 
| af Type L-head, in-line OHV, Vee ony. Vee 
¥ No. cyls. 6 8 
ali : Bore & stroke (in.) 3%, x 4% 3} x 3% 38 x 3% 
= ; Displ. (in.%) 265 331.1 331.1 
or, : ——e — Comp. ratio 7.0 to 1 7.5 tol 7.5 to 1 
~~ ca yey Bhp, max 119 @ 3600 rpm 195 @ 4400 rpm 235 @ 4400 rpm 
i rose 4 ; Torque, max (lb-ft) 218 @ 1600 rpm 320 @ 2000 rpm 330 @ 2600 rpm 
e\  ourrur smart ° Also Custom and Crown Imperial 
\ Be s \REAR OF PU . Size 
\AS 
“a Ceca falas Windsor, Custom Crown 
New Yorker Imperial Imperial 
svenmumang ment “On STRAINER R 3 Wheelbase (in.) 125% 133% 145% 
aurauns ’ KicKOOWN Bane ag N of Length (in.) 215% 223% 231 
Width.4in. ) 17% 77% S2h- 
Height (in.) 62% 63 “sx > 
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DESOTO 


EN more horsepower, the 

Powerflite transmission, new 
front suspension, stiffer frame, 
redesigned body mountings and 
new rear spring mountings are 
incorporated in the new DeSoto. 
Compression ratio increase from 
7.1 to 1 to 7.5 to 1 appears to be 
responsible for the horsepower 
increase. New upholstery fabrics, 








for the most part nylun-faced for Fire Dome 
ae ; ’ Type OHV, Vee 
durability, are offered in a vari- age a 
ety of colors. Power steering and Bore & stroke (in.) 3% x 34) 
y i & Displ. (in.*) 276.1 
power brakes are available as Comp. ratio 7.5 tol 
Bhp, max 170 @ 4400 rpm 


special equipment. 


ASTEST American stock car ever timed by 

American Automobile Association Contest Board 
officials is the 1954 Dodge V-8. In October at 
Bonneville Salt Flats, Utah, a four-door sedan and 
convertible broke 196 AAA records for distances of 
one kilometer to 7000 miles. Among other records, 
the four-door sedan equipped with a conventional 
transmission established a top speed mark of 108.36 
mph on the straightaway. During a 48-hour en- 
durance run the same car achieved lap speeds of 
107 mph and averaged better than 101 mph for the 
entire run including pit stops. The convertible, 
equipped with the new Powerflite transmission 
available on 1954 Dodges, ran at full throttle over 
a 72-hour period and broke more than 60 AAA rec- 
ords formerly held by cars equipped with conven- 
tional transmissions. 

For ’54 the Red Ram V-8 engine has been stepped up 
from 140 to 150 hp. At least partly responsible is an increase 
in compression ratio from 7.1 to 7.5 to 1. Powerflite trans- 
mission and power steering are available as special equipment. 
A new super deluxe series known as the Royal V-8, shown, 
is available as well as Coronet and Meadowbrook V-8 and Six. 
Horsepower of the 6-cylinder engines has been increased to 
110. 


Torque, max (lb-ft) 


255 @ 2000 rpm 


Engine Specifications—————— 


Powermaster 
L-head, in-line 


7, 


Ro 


7.00 


; x 
0.5 


4% 


to 1 


116 @ 3600 rpm 
208 @ 1600 rpm 











Size 
Wheelbase (in.) 125% 
Length (in.) 214% 
Width (in.) 77% 
Height (in.) 62% 





Engine Specifications—————— 


Royal, Coronet, 
Coronet 8 Meadowbrook 8 Meadowbrook 6 

Type OHV, Vee OHV, Vee L-head, in-line 
No. cyls. S 8 6 
Bore & stroke 3,4, x 3% 375 xX 3% 3% x 4% 

(in.) 
Displ. (in.3) 241.3 241.3 230.2 
Comp. ratio 7.5 tol 7.1 tol 7.25 to 1 
Bhp, max 150 @ 4400 rpm 140 @ 4400 rpm 110 @ 3600 rpm 
Torque, max 222 @ 2400rpm 220 @ 2000rpm 190 @ 1600 rpm 

(ib-ft) 





Wheelbase (in.) 


Much emphasis is placed upon new interior styling and 


fabrics to harmonize with 11 new body colors and 14 two- 


tone combinations. 


Length (in.) 
Width (in.) 
Height (in.) 
Weight (lb) 








PLYMOUTH 


| epotegen steering available on the ’54 Plymouths is said to permit 


turn- 


ing the wheels on dry pavement when parking with only 6.7 pounds 
of effort as opposed to the 30.5 pounds required in a similar situation 
with manual steering. Redesigned shock absorbers and new seat cushion 
springing are said to give a smoother, softer ride while increased use of 


silencing materials give a quieter ride. The Hy-Drive introduced in 
which is made up of a torque converter and conventional 
three-speed transmission, is available as well as the over- 
irive and conventional three speed transmissions. More 
olorful interiors and more durable, easy-to-care-for fab- 
rics are used in the new models. All models are longer 
than in ’53. A new series, the Belvedere, said to be the 
aristocrat of the line, has been introduced; other series 
ire the Savoy and Plaza. 


————— sise-——_ 
Wheelbase (in.) 114 
Length (in.) 193% 
Width (in,) 74% 
Height (in). 64 
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1953, 


Type 
No. 
Bore & 
Displ. 
Comp. 





cyls. 


stroke (in.) 
(in.3) 
ratio 


Bhp, max 


Torque, 


max (lb-ft) 


Size and Weight 


119 
205 
73% 


3425 


Engine Specifications——— 


L-head, in-line 

6 

3% x 4% 

217.8 

cn 6 CUD 

190 @ 3600 rpm 
177 @ 1200 rpm 
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ODY and trim changes, increased power and per- 

formance, power steering, an improved power brak- 
ing system, and salon-lounge interiors harmonizing with 
exterior colors are incorporated in the new Hudsons. 
Horsepower and torque increases in Wasp, Super Wasp 
and Hornet engines are the result of compression ratio 
increases, a new long-dwell camshaft and combustion 
chamber redesign. 

Power steering, optional at extra cost, is the linkage 
type. Spring resistance of 4 pounds provides road feel, 
although as much as 80 per cent of required steering 
effort is provided by the power steering sy:tem. Steer- 
ing ratio with power steering is the same as with the 
conventional gear. 

Two safety measures are incorporated in the power 
braking system. A reserve vacuum tank permits up to 
three power brake applications. Direct mechanica] link- 


Engine Specifications 


Jet, Super Jet Wasp Super Wasp Hornet 
I.-head L-head. L-head, L-head, 

Type in-line in-line in-line in-line 
No. cyls 6 6 6 6 
Bore & stroke (in. ) 3x 4% 3%. x3% 3%, x 4% 3}3 x 4% 
Displ. (in.*) 202 232 262 308 
Comp. ratio 7.5 to 1 7 tol 7 tol 7.5 tol 
Bhp. max 104 @ 3800 126 @ 4200 140 @ 4000 160 @ 3800 
Torque, max (ib-ft) 158 @ 1400 


STUDEBAKER 






















prove cooling. 


mander engines. 





age will operate the brakes hydraulically without power 
assistance. 

Redesign of trunk lids, rear fenders, grills and bump- 
ers and the addition of a rub rail change the appearance 
of the '54 Hudsons appreciably, although basic body 
shells remain the same. 

Highest power to weight ratio in the light car field 
is claimed for the 1954 Hudson Jet, Super Jet and Jet- 
liner. Engines have redesigned combustion chambers for 
quicker acceleration throughout the driving range. An 
optional aluminum, high compression cylinder head and 
twin carburetor fuel induction system may be had to 
increase horsepower from 104 to 114. A new series, the 
Jet-liner has an extra-lush interior. The two-door Jet 
Utility Sedan has a removable back seat to provide a 
large hauling space. Hydra-matic drive is available at 
extra cost. 


- —— Size and Weight 
Jet, Super Jet, 


Jetliner Wasp Super Wasp Hornet 
Wheelbase (in.) 105 119 119 124 
Length (in.) 180}} 201% 201% 208 } 5 
Width (in.) 67 A. 77% 77% 77% 
rieight (in.) 607%. 60% 60% 604 
Weight (lb) 2675* 3440 3525 3620 
2°25 Ib for Super Jet; 2760 for Jetliner. 


AMED the Conestoga in honor of the covered wagons 

produced 100 years ago or more by the Studebaker 
family, a new station wagon is the first such model pro- 
duced by this manufacturer. Like other Studebakers, 
the Conestoga is styled by Raymond Loewy and follows 
other models closely in its styling. 


The new body type and new brakes are the outstand- 
ing features of the ’54 Studebakers. Last year’s con- 
tinental styling has been retained with such modifications 
as new grilles, bumper guards, rub rails and emblems. 


Compression ratios have been raised to 7.5 to 1 on both Champion and Com- 
Changed shock absorber valving improves riding qualities 
on all cars, and new clutch linkages reduce pedal pressure on cars using 
conventional or overdrive transmissions. 


New radiator cores and fans im- 


New Studebaker brakes provide up to one-third greater braking power 
for a given effort by the driver. 
on Commander have been increased from 9 to 10 inch diameter. 
Commander front drums has been increased by \%-inch. 
lining area has been increased by 3.4 square inches and Commander lining 
area has been increased 13.4 square inches. 
and _self-energizing, 


Front drums on Champion and rear drums 
Width of 
Champion brake 


The brakes are self-centering 
have heavier drums and require only one adjust- 
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ment per wheel during periodic or 


relining adjustments. Self-ener- Type 
gization of the brakes is derived }0-.42)eoxecin.) 
from the tendency of rotating Displ.(in.*) 
Comp, ratio 
drum to roll the shoes toward the’ Bhp, max 
Torque, max (lb ft) 


drum due to the shoe mounting 
method employed, which uses no 
rigid anchors. 


Wheelbase (in.) 
Length (in.) 
Width (in.) 
Height (in.) 














NASH 


IGGEST news from Nash is the four- 

door Rambler, shown, the first four- 
door available in the Rambler line. Longer 
wheel base than other Ramblers provides 
ample rear entrance room, rear leg room 
and luggage capacity in the new Nash 
Rambler four-door. Hydra-matic trans- 
mission, overdrive, reclining seats and 
convertible twin beds are offered as op- 
tional equipment. Other members of the 
Rambler line are station wagon, convertible and hard-top. 


Engine sSpecifications——— 
Champion 
.-head, in-line 


x 
69. 
5 


co hol ee) 


1 

85 @ 4000 rpm 

138 @ 2400 rpm 
wig 


So 





Con- 


tinental tire mount is standard on Custom four-door convertible 


and hard-top. 


Farina styling has been retained in all series with a few 


styling refinements. 


Horsepower has been increased from 100 


to 110 for Statesman models by raising compression ratio to 


8.5 to 1 and using dual carburetion. 


Ambassador horsepower 


is upped from 120 to 130 with an accompanying compression ratio 
———Engine Specifications———— 
Rambler, 4-Door, 
2-Door with Hy- 
Rambler, 2-Door dramatic Statesman Ambassador 
Type L-head, in-line L-head, in-line L-head, in-line OHV, in-line 
No, cyls. 6 6 6 6 
Bore & stroke 
(in.) 3% x 4 3% x4% 3% x 4% 3% x 4% 
Displ. (in.4) 184 195.6 195.6 252.6 
Comp, ratio  7.25-to 1 7.3 to 1 8.5 to 1 7.6 to 1 
Bhp, max 85 @: 3800 rpm 90 @ 3800 rpm 110 @ 4000 rpm 130 @ 3700 rpm 
Torque, max 
(lb-ft) 150 @ 1600 rpm 150 @ 1600 rpm 155 @ 1000 rpm 220 @ 1600 rpm 


INCOLN is standing pat with its 205 horsepower over- 

head-valve, V-8 engine; no power increase for the ’54 
models yet. Refinements in carburetor and distributor de- 
sign, redesigned hydraulic tappets and new fuel filtering ele- 
ments are said to provide smoother, quieter and more de- 
pendable operation. Styling changes include a new hood 
ornament, repositioned parking and turn indicator lights, 
restyled side molding and a new rear-quarter gravel shield. 
Brake lining area has been increased 10 per cent to 220 
square inches. Newly designed tires minimize tire squeal 
on turns. Automatic transmission is standard. Power 
steering, brakes, window lifts and power adjusted seat are 
optional equipment. 


MERCURY 


NEW overhead-valve, V-8 engine developing 161 horsepower shares the dis- 
tinction of being the outstanding news in the ’54 Mercury line with the “Sun 
Valley,” a sports coupe with transparent green-tinted Plexiglass forming a por- 
tion of the top. The ball-joint front suspension first used on 1952 Lincolns is also 


new for ’54. 


Features of the engine, which develops 36 more horsepower than that used 
in 1953, are oversquare design (bore larger than stroke) and a stronger, more rigid, 
five-main-bearing crankshaft with eight counterweights for balancing and smooth 


operation. A four-barrel carburetor is used. 


Conventional kingpins, bushings and upper and lower control-arm outer pivot 
pins are replaced by two ball joints at each wheel on the new front suspension. 
Riding and steering qualities are said to be improved by the ball-joint suspension. 
Restyled rear quarter panels, new wraparound bumpers, new grille and a new 
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Sedans Coupes 
116.5 120.5 
198.63 202.22 
69.5 71 
59.75 56.31 


increase. 
tion are available to 
power to 140. 


new concave grille. 





Commander, Land Cruiser 
OHV, Vee 


8 
3.375 xX 3.25 


232.6 
7.5 tol 


120 @ 4000 rpm 
190 @ 2000 rpm 


Sta 


tion Wagon 
116.5 


195.63 
69.75 
62.38 


Optional cylinder head and due] carbure- 
increase Ambassador horse- 
Power steering, power brakes and 
electric window lifts are offered. 

Nash Statesman and Ambassador models have a 


Continental rear tire mount is 


standard equipment on all custom four-door and 


Country Club hard top modeis. 


Optional features 


are Hydra-matic transmission, overdrive, twin beds 


and reclining seats. 





Size and Weight 





Rambler, Rambler, States- 
2-Door 4-Door man 
Wheelbase (in.) 100 108 114% 
Length (in.) 185% * 193% 202%1 
Width (in.) 73% 73% 78 
Height (in.) 59 61% 
Weight (lb) 2550; 2650 3070 
* Station wagon, 178%. ‘Hardtop. tAdd 10 


nental tire mount. 


Ambassador 
121% 
209%1t 

78 
62% 
3480 


in. for conti- 





———Engine Specifications———— 
Type OHV, Vee 
No. cyls. Ss 
Bore & stroke 3.80 x 3.50 
(in.) 
Disp]. (in.) 
Comp. ratio 
Pap, max 
Torque, max 
(lb-ft) 


317 

8.0 tol 

205 @ 4200 rpm 

305 @ 2300-3000 rpm 


—Size and Weight— 


Wheelbase (in.) 
Length (in.) 
Width (in.) 


Height (in.) 
Weight (Ib) 


123 

214.8 
77.1 
62.7 


4277 
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ornament on the front fenders are all part of 


Centralized Lubrication 
For Farm Machinery 


A newly developed device pro- 
vides a method of lubricating 12 
bearings on a piece of farm equip- 
ment, such as a tractor, simultane- 
ously from one fixed location. Sup- 
plied in kit form and easily in- 
stalled, the Multi-Luber eliminates 
the necessity of periodically sus- 
pending operations to grease the 
bearings. 

A piston type manually-operat- 
ed lubricant pump, lubricant reser- 
voir and tube or hose lines to the 
bearings make up the complete in- 
stallation. Construction of the 





Superior flushing action and best 
possible lubrication result from 
the use of the gear lubricants ac- 
cording to the manufacturer, Lin- 
coln Engineering Co. 


Automation Applied 
To Aircraft Engine Assembly 


An assembly line incorporating 
a complete conveyor and belt sys- 
tem plus automatic machines that 
do everything from assembling a 
complete crankshaft to tightening 
bolts and crimping fasteners has 


Cutaway of Curtiss-Wright Turbo 

Compound engine. Three exhaust- 

driven turbine wheels transmit power 

obtained from exhaust gases to the 

engine’s main shaft through gears 
and fluid couplings 





pump assures that each bearing 
receives the correct amount of lu- 
bricant when the pump is operat- 
ed despite varying fits of bearings. 
In the event of lubricant line leaks 
or breakage, the remaining bear- 
ings will still receive the same 
amount of lubricant. 
Extreme-pressure gear, _lubri- 
cants are recommended for”use in 
the system rather than greases. 
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Engine Specifications——————- —————Size and Weight—————_ 


the face-lift for the 54 Mercury. Eight new Type ar, ves waeeeee oe.) on 
- : : No, cyls. 8 Length (in.) 206.2 

exterior colors will be available as well as new Bore & stroke (in.) 3.62 x 3.10 Width (in.) 74.4 

upholstery fabrics. Displ. (in.*) 256 Height (in.) 62.2 
Power brakes, power steering and power- Comp. ratio 7.5 tol Weight (Ib) 3620° 

operated seat are availabl tional i edi a 2 oc 

Pp ; e avaliable as 7 ion equip Torque, max (lb-ft) 238 @ 2200-2800 rpm * With standard transmission 

ment. Choice of standard, over-drive and Merc- 

O-Matic transmissions may be made. To be concluded in February 





the capacity to produce 24% times 
as many Curtiss-Wright Turbo 
Compound engines as the previous 
assembly line. Space used by the 
new line is 42 per cent less than 
used by the line it replaces. 
Though generous use of automa- 
tion is made at many points, en- 
gines ranging in output from 3250 
to more than 3500 horsepower can 
be built with the same equipment. 

Engines are first completely as- 





Assembly starts with the crankshaft. 

Three sections are clamped in this 

machine and the master and con- 

necting rods are then placed in posi- 

tion. Parts are automatically as- 

sembled with proper clearances and 
bolt torques 


Conveyor line moves pistons and 

cylinders to the engine for installa- 

tion. Engines on vertical stands are 

clamped to special machines which 

index engine assemblies and extend 

the connecting rods for installation 
of pistons and cylinders 
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eo 
Your it produced lo 


Use STANDARD 
STOCK SIZE com 
a ser plus or minus 

rb red OO gam 6 by 














TOLERANCES: 


All Lengths plus or 
minus .005”’. 

















design is necessary to use stock size Johnson GP J © ef %, @) Be 
Cast Bronze Sleeve Bearings. If so, you can cut 
costs on this item. There are inside diameters 
available from 4 inch to 41% inches, with a selec- 
tion of wall thicknesses and lengths—over: 900 4 
less than for specially made bearings. Many leading ? | 
manufacturers have adopted stock size Johnson GP 
Bearings and saved time and money. They are SA = A Ri ay G & 
available from your local Johnson Distributor’s ° 
stock. The Johnson Bearing Catalog lists all stock 
525 South Mill Street, New Castle, Pa. 
' — ea J a ~ 
GRAPHITED ELECTRIC LEDALOYL UNIVER 
CAST BRONZE MOTOR Self-Lubricating BRONZE i 


individual sizes. Even if you require slight altera- 
items .. . write for your copy today. 
Sleeve 





(a 













OVER 900 
sizes in stock at 
your local distributor's 





Pannare only a slight change in product 
tions, slots or oil grooves, the cost still will be much 
JOHNSON BRONZE COMPANY 

Jupe 
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Automatic torque machine tightens 
and locks the reduction drive gear 
of the engine’s power section 


sembled and run for 4% hours. 
The engine is then torn down for 
a complete inspection of all parts. 
Reassembly of the engine and an- 
other 3% hour test run follow the 
inspection. If approved, the twice- 
tested engine is then packed in a 
sealed container filled with dehy- 
drated air at 7 psi. 

Fast-working equipment that is 
superior to the most highly skilled 
workmen maintain the high stand- 
ards of quality during assembly. 
One machine, for example, runs 
down the bolts holding a series of 
pinion gears to identical torque or 
tightness and then, simultaneously, 
crimps the locking devices which 
prevent possible loosening of the 
bolts. 


Camera Shutter Speeds 
Measured in Microseconds 


A recently developed camera shut- 
ter makes exposure .times of .one 
micro-second possible. Known as the 
Rapatronic shutter, it utilizes the 
Faraday effect of magneto-optical 
rotation and has no moving parts. 
Observation of even the fastest re- 
action is made possible by the shut- 
ter developed by Edgerton, Germes- 
hausen & Greer Inc. 

As far back as 1822, Faraday 
experimented with a beam of polar- 
ized light passing through a trans- 
parent solution carrying a current 
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to see whether or not this would 
have any effect on the polarized 
light. His later work established 
the existence of the Faraday effect, 
magnetic rotation of the plane of 
polarized light passing through an 
optical element. The shutter using 
this principle requires crossed 
polarizing elements and a light 
transmitting element free from 
strain. If theoretically perfect 
polarizers were used, the shutter 
would reject all light when the 
magnetic field to rotate the plane 
of polarization was not applied. 
Actual polarizers cannot produce 
perfect light rejection but in the 
Repatronic camera the closed posi- 
tion is attained. When opened, one- 
thirtieth transmission is obtained 
with a three polarizer type lens. 
This open-to-closed transmission 
ratio of approximately 30 million 
is necessary in photographing high 
light-intensity subjects which per- 
sist at high levels of luminosity for 
long times. 


The electromagnetic field 


Rapatronic Camera, Type 2208-0, 
consists of a 4 x 5-in. Eastman Ko- 
dak Master view camera equipped 
with a Wollenak F/6.3 Raptar lens, 
the electronic shutter assembly in a 
12 x 12 x 3-inch aluminum casting, 
and a power supply unit in a 16 x 
19 x 10-inch aluminum box. Closed- 
open-closed shutter time is about 
0.8 microsecond 


















Frozen by the Rapatronic shutter 
in a few millionths of a second, the 
fiery ball from a nuclear device 
disintegrates a steel tower shortly 
after detonation at the Atomic En- 
ergy Commission’s Nevada proving 
ground in the spring of 1953. The 
fireball has already consumed the 
upper portion of the tower and is 
seen progressing down the structure 


strength required to rotate the 
plane of polarization of the light is 
quite high. A condenser discharge 
is used to supply this energy. Light 
from the subject or a separate 
flash unit falling on a photocell 
triggers the condenser circuit. 


New Fits-Limits Standard 


Early this year at the ABC Con- 
ference a Draft Proposal for an 
American, British, Canadian Sys- 
tem of limits and fits was accept- 
ed by the United States delegation 
as the basis for a new American 
Standard if and when developed. 
The U.S. delegation was made up 
of members of ASA Sectional Com- 
mittee B4 and representatives of 
the U. S. Armed Forces. Present 
American Standards do not con- 
tain tables of recommended fits 
but state that a study is being 
made of further recommendations 
on this subject. 

Comments of interested parties 
on the ABC System are invited by 
the American Standards Associa- 
tion. Copies of the Draft Proposal 
are available from the American 
Standards Association Inc., 70 E. 
45th St., New York 17, N. Y. at 
75 cents per copy. 
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ONE HYDRAULIC PUMP MAKER GOT THIS 





ANSWER- 














and ROTARY SEALS can make Zou: seal daze / 


You see, ROTARY SEALS are tailor-made to fit a specific task— 
that’s why they have been so widely adopted by prominent man- 
ufacturers in many lines. To give your unit complete and lasting 
protection against leakage along the shaft, Rotary Seal engineers 


will study every factor of manufacturing and use-conditions . . then R 0 T A # Y 


(and not until then) they will give you the precise adaptation of 
the famous time and use-tested Rotary Seal patented sealing prin- S E A I 5 
ciple which explicitly covers your exact needs. This principle is 


explained and illustrated in our booklet, “Sealing with Certainty 
on Rotating Shafts”, which we'll be glad to send you on request. 































Save time and money—call Rotary Seal engineers in to 
discuss your projecfas one of the first steps in your design 
program. It will Mean greater efficiency, reduced mainte- 
nance and repgfr expense, maximum trouble-free perform- 
ance in the J4ng run—and that means satisfied users who 








mechanical 
THE seals 


—s for 
ROTARY 
l->>} 


EAL- 

















fotating 2022 NORTH LARRABEE STREET 
shafts CHICAGO 14, ILLINOIS, U.S.A. 
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Helpful Literature 


(Continued from Page 178) 





35. Bimetal Thermostats 


Stevens Mfg. Co.—2-page illustrated data 
sheet on type C bimetal strip thermostats 
describes both standard and hermetically sealed 
types. Operating principle, ratings, perform- 
ance curves and other technical data are 
given. 


36. Power Cable Handling 


Industria] Electrical Works—Various types 
of Poweree] power cable reels are illustrated 
and described in available catalogs and price 
lists. Units are available in a range of sizes 
and mounting styles to suit almost any pur- 
pose, Complete specifications are provided. 


37. General Purpose Pump 


Hypro Engineering, Inc.—Form 2531 illus- 
trates and outlines features of newly devel- 
oped general purpose pump for industrial and 
other uses, Unit has 12-vane impeller. Per- 
formance tables, drive assemblies and size 
ranges are described along with various ap- 
plications. 


38. Protected Mercury Switches 


Minneapolis-Honeywell Regulator Co., Micro 
Div.—Protected mercury switches, with glass 
tube imbedded in solid wax or plastic sur- 
rounded by metal or phenolic cases, in a 
variety of shapes and sizes are shown on 
data sheet 84-99, Units are available in both 
ac and dc styles for various applications, 


39. Resin Protective Coatings 


Bakelite Co.—'‘Bakelite Resin Coatings for 
General Industry’’ is title of 8-page illustrated 
folder No. VG showing cost savings of vari- 
ous coatings in uses ranging from grain ele- 
vators, oil pipes, railroad hopper cars and 
mining timbers to dairy processing equipment. 
Coatings resist both corrosion and wear. 


40. Stainless Steel Products 


G. O. Carlson, Inc.—Stainless steel] plates, 
forgings, No, 1 finish sheets, tank heads and 
flanges and pattern-cut rings and disks are 
among the products shown in 4-page illustrated 
bulletin. Company specializes in fabricating 
Stainless parts in any size and shape. 


41, Water Filters 


Marvel Engineering Co.—Adaptation of all 
models of Synclinal filter of sump and line 
type to water applications is covered in 12- 
page illustrated catalog 300. Eight sizes from 
5 to 100 gpm capacity are detailed. Meshes 
range from coarse 30 to very fine 200. 


42. Time Switches 


General Electric Co.—Selection and applica- 
tion information, plus descriptive data, are 
found in 24-page bulletin GEA-5965 on G-E 
time switches, process timers and time meters. 
Operating data and prices are included. 


43. Quality in Socket Screws 


Parker-Kalon Corp.—Various steps this com- 
pany takes in maintaining ‘quality control and 
inspection in manufacture of P-K_ socket 
screws are shown in this behind-the-scenes 
folder, form 481C, 


44. Carbides for Wearproofing 


General Electric Co., Carboloy Dept.—Use 
of cemented carbides in wearproofing pulver- 
izing equipment is told in 12-page illustrated 
bulletin WR-107. Table of standard and 
special tip shapes for pulverizing blades and 
hammers is included, 


45. Roller Chains & Sprockets 


Chain Belt Co., Baldwin-Duckworth Div.— 
Inherent advantages of roller chain and il- 
lustrations of all popular sizes of Baldwin-Rex 
roller chains are found in 54-page bulletin 52-1. 
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Section is devoted to selection of roller chain 
drives and has formulas, tables and examples. 
Characteristics, prices, maintenance and selec- 
tion of sprockets are covered. Specifications 
of all units are included. 


46. Geared Flexible Couplings 


Link-Belt Co. — Line of geared flexible 
couplings for high speed and high torque ap- 
plications are covered in detail in 4-page 
illustrated folder 2375. Ten standard sizes 
are available with 1 to 6-in. bore sizes and 
horsepower ratings from 2 to 450 at 100 rpm. 
Dimensional tables and selection data are in- 
cluded, 


47. Pressure Switch 


Bobrick Mfg. Corp.—Series 600 multi-range 
pressure switch, described and illustrated in 
4-page bulletin, features high sensitivity, low 
temperature reliability, durable calibration and 
low on-off differential pressure at all times. It 
is designed for controls in medium and high 
pressure systems using hydraulic fluids, water, 
air or gas, ’ 


48. The Story of Onan 


D. W. Onan & Sons Inc.—Over 120 photo- 
graphs in this 36-page plastic-bound brochure 
**‘Measurement Factors of ua Company and Its 
Product’’ tells the story of Onan products and 
how they are made. Various models of Onan 
electric generating plants are illustrated. 


49. Brass Sheet & Strip 


American Brass Co.—Strong, hard and 
springy, Formbrite drawing brass retains its 
ductility in forming and drawing and takes 
sharp, clear-cut die impressions. It is de- 
scribed in illustrated 12-page booklet B-39. 
Properties and pressroom and finishing pro- 
cedures are covered, 


50. Gears & Materials Handling 


Michigan Tool] Co., Cone-Drive Gears Div.— 
8 illustrated pages of bulletin MH-53 ‘‘Cone- 
Drive Gears at Work in Materials Handling’’ 
present 14 typical handling equipment applica- 
tions of double enveloping worm gear sets and 
speed reducers. Hoists, cranes, winches and 
conveyors are covered. 


51. Guide To Shell Molding 


Durez Plastics & Chemicals, Inc.—Compre- 
hensive 36-page booklet ‘‘Durez Guide to Shell 


Molding’’ discusses in detail the method, ma- | 


terials and equipment used in this process, It 
also deals with many common problems and 
suggests possible causes and solutions. 


52. Ceramic Insulators 


M. Kirchberger & Co.—4-page ‘‘Property 
Chart’’ tabulates physical and electrical char- 
acteristics of steatite, ceramic and lava in- 
sulators for electrical, electronic and chemica' 
applications. Parts can be custom-molded, ex- 
truded or machined. 


53. Hydraulic Control Panel 


Almo Tool Co, — Details of the Almo 
hydraulic manifold which is control panel 
for hydraulically operated machines are given 
in 6-page illustrated folder. Internal channels 
in series of plates carry fluid from power 
supply through needed controls to strategically 
located outlets. 


54, Tempered Pilate Class 


Libbey-Owens-Ford Glass Co.—Uniform load 
strength, resistance to thermal shock and re- 
sistance to impact are some of the advan- 
tageous properties of Tuf-Flex tempered plate 
glass which adapt it to use in wide range of 
equipment. Properties and available sizes are 
outlined in 4-page bulletin TF-8. 


55. Split Roller Bearings 


Cooper Split Roller Bearing Corp.—Cooper 


split roller bearings are made in halves 
throughout and are readily assembled on the 
shaft. They are available in bearing, cartridge 
and pillow block types for medium, heavy 
and extra heavy duty service and in special 
designs. Standard sizes range from 1 3/16 
to 12-in. bores. Complete details are given in 
20-page illustrated design manual, 


56, Iron Powder Parts 


National Radiator Co., Plastic Metals Div.— 
28-page illustrated booklet entitled ‘‘The Proc- 
essing, in the Higher Density Range, of Dur- 
able Iron Powder Parts on a Production 
Basis’”’ is a treatise on electrolytic iron powder 
parts. 


57. Corrosionproofing Aluminum 


Parker Rust Proof Co.—Described in 4-page 
illustrated bulletin 3510, Bonderite 710 for 
aluminum is simple treatment which imparts 
corrosion resistance to unpainted aluminum 
and gives increased durability for paint sys- 
tems. 


58. Ball Bearing Practices 


Marlin-Rockwell Corp.—Over 5000 additions 
and revisions have been made in the 92 pages 
of bulletin No. 26 ‘‘Ball Bearing Practices for 
the Shop Man.’’ Ball bearings of various 
makes are listed in numerical order and cor- 
responding sizes of M-R-C replacements are 
given, 


59. Gas & Liquid Bellows 


Titeflex, Inc. — Text and diagrams found 
in 6-page bulletin 300 explain the welded 
diaphragm construction of line of metal ex- 
pansion bellows for conveying gas and liquids. 
They are able to withstand high temperature, 
vibration and corrosion. Specifications are 
given. 


60. Platen-Connecting Hose Units 


American Brass Co., American Metal Hose 
Branch—Bracketubes are seamless flexible 
metal hose connectors with supports for joining 
steam-heated platens of presses. Data are 
given on available styles of units with inside 
diameters ranging from % to 1 in. Also covered 
in 12-page bulletin BR-190R are flexible metal 
tubing loops in sizes to 3 in. ID and up to 
4-in, seamless flexible metal tubing. 


61. Electronic Control 


Bristol Co.—16-page illustrated bulletin 
B226 deals with new line of Free-Vane elec- 
tronic controllers in indicating and recording 
types for temperature, pressure, flow, liquid 
level, humidity and time program. Presented 
are applications and available accessories, 


62. Universal Motor Parts 


Portable Electric Tools, Inc., Motor Div.— 
‘‘Universal Motor Parts for Built-In Appli- 
cations’”’ is title of 6-page illustrated bulletin 
which describes available facilities for design 
and production of motor components. Tabulat- 
ed are dimensions of standard parts for mo- 
tors with full load outputs of 52 to 400 w 
at speeds to 15,500 rpm. 


63. Roller Bearings 


Torrington Co.—Complete design and appli- 
cation data on line of self-aligning spherical 
roller bearings are contained in 28-page revised 
bulletin 200-C. Included are width tolerance 
chart; complete thread, locknut and lock 
washer data; revised interchangeability chart; 
and information on life expectancy, capacity 
ratings, speeds, loads, fits and lubrication. 


64. Dripproof Industrial Motors 


Lima Electric Motor Co.—Specifications, 
general data and photos of line of dripproof 
induction motors are found in 6-page bulletin 
RS-2. Included are standard, vertical, flange 
and face mounted, magnetic brake, she!l type 
and special motors with ratings from 1/3 to 
125 hp for frames from NEMA 66 to 505. 
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SMALL PARTS USERS OF 


BRASS 


CAN CUT COSTS 









BY DESIGNING PARTS TO BE PRESSED FROM BRASS POWDER 


The tens of millions of powder metallurgy brass parts in use today are evidence that 
alert engineers can design this proven material into many products which previously 
called for a brass casting, stamping, or machined part. In designing parts of brass— 
as in any other design problem—price is rarely the first factor to consider—but 
almost always the second. It’s QUALITY you consider first. Will the part meet your 
rec uirements for strength, density, color, accuracy of size . . . meet these require- 
ments uniformly by the tens of thousands or by the millions? Bound Brook, pioneer 
in powder metallurgy can answer your quality questions . . . then, if your require- 
ments are for volume . . . can usually quote a price that means a substantial saving... 
and can make delivery, as promised, to keep your production line moving. For 
authoritative answers on your questions about powdered brass, bronze, or iron 
parts... or bronze or iron bearings . . . write or wire Bound Brook direct or tele- 
phone your nearby Bound Brook man. 


BOUND BROOK 


BOUND BROOK OIJL-LESS BEARING CO., EST. 1883, BOUND BROOK, N. J. 





Prsicits tn 
POWDER METALLURGY BEARINGS + PARTS 





Adjustable V-Belt 


For D and E drives, Veelos TD 
and TE link V-belts are made of 
plys of treated high tensile 
strength canvas duck, joined by 
riveted studs with removable cup 
washers and T-screws. This con- 
struction provides strength at 
key points and facilitates coup- 





T screw Permanently anchored 
Cup wosher-——-> ae — 











ling and uncoupling. Belts are 
available with rubber coating for 
general services and oil-proof for 
oily and high temperature drives. 
Applications include use on large 
machine tools, presses, shears, com- 
pressors, generators, pumps, diesel 
engines, fans and blowers. Made 
by Manheim Mfg. & Belting Co., 


Manheim, Pa. 
For more data circle MD-65, Page 177 


Silicone Rubber 


Long term shrinkage of Silastic 
675 is only 1.8 to 2.5 per cent. 
Compression set is very low for a 
silicone rubber with nontoxic ad- 
ditives—in the range of 15 to 20 per 
cent after 22 hours at 300 F, 20 to 
28 per cent after 70 hours. This 
material also has superior physic- 
al strength and tear resistance in 
the range of 80 to 90. It is service- 
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able at temperatures ranging from 
below —100 to above 500 F. Ap- 
plications include gaskets, O-rings, 
seals, diaphragms, bellows, dielec- 
tric fittings and connectors, and 
molded industrial rubber goods. 
The material can also be molded 
in dies designed for organic rub- 
ber parts if tolerances are not 
critical. Made by Dow Corning 
Corp., Midland, Mich. 


For more data circle MD-66, Page 177 


Double Rotating Joint 


Double passage rotating joint 
handles fluids at up to 1500 psi. 
It can be used with both air and 
hydraulic fluids simultaneously, 
with members rotating in same or 


opposite directions as required. It | 


is manufactured in 4% through 5- 
in. sizes. Among other applica- 
tions it offers means of connection 


to double-acting rotating or oscil- 
lating air and hydraulic cylinders. 
Made by Rotherm Engineering 
Co. Inc., 7280 W. Devon Ave., Chi- 
cago 31, Ill. 


For more data circle MD-67, Page 177 


Subminiature Transformers 


Subminiature supply transform- 
ers exhibit high performance char- 
acteristics in relation to their size 
and weight. Produced to conform 
with individual requirements and 
specifications, they withstand sev- 
ere shock, temperature ranges and 


vibration. Model DR-T 107, illus- 
trated, was developed primarily for 
printed circuit applications. It de- 
livers up to 5 w at 400 cycles per 
second and is designed to feed a 
pair of synchro control transform- 
ers. It weighs 2/3 oz and is 5%-in. 
high and 34-in. in diameter. Made 
by D & R Ltd., Santa Barbara, 
Calif. 


For more data circle MD-68, Page 177 


Socket Screws 


Improved types of points are 
being applied to Allen set and cap 
screws. Smaller cup point for set 
screws, called Allenpoint, replaces 
the ASA cup point set screws in 
Allen line. Improvement makes for 
greater locking at all measured 
installation vs. removal torque 
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pressures, uniformly high shaft 
holding power and good holding 
power under vibration. This screw 
is made in Allenoy and stainless 





steel, with either National Coarse 
or National Fine threads. Cap 
screws now have an unthreaded 
leader point which reduces causes 
of screw thread injury and damage 
to threaded holes. Made by Allen 
Mfg. Co., 113 Seldon St., Hartford, 


Conn. 
For more data circle MD-69, Page 177 


Aluminum Paiat 


Fast drying aluminum paint for 
burners, stoves, hot piping and 
other metal surfaces withstands 
temperatures up to 1200 F with- 
out discoloring or blistering. It 
dries hard in about 30 minutes 
and is ready mixed for application 
by brush or spray. Composed of 
fine aluminum and a chemical 
binder, it fuses with the metal as 
temperatures are increased. Made 
by Sapolin Paints Inc., 229 E. 42nd 
St., New York 17, N. Y. 


For more data circle MD-70, Page 177 


Electric Governors 


Frequency sensitive governors 
do not require mechanical connec- 
tions to the engine or device to be 









ar 
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controlled. They can be furnished 
to receive frequency reference from 
an ac alternator, either 60 or 400 
cycles; from a small tachometer 
generator; or from the ignition 
breaker points on a gasoline en- 
gine. The frequency sensor con- 
sists of a tuned vibrating reed 
driven by an electromagnet con- 
nected to the frequency reference. 
When this frequency reference re- 
sonates with the fundamental me- 
chanical frequency of the reed, the 
latter vibrates and closes contacts 
to pull in a control relay. Energy 
required for operation of the reed 
is less than 1 w, and the resonant 
frequency can be calibrated to 1 
per cent. Standard models are fur- 
nished with single-pole, double- 
throw contacts and for either auto- 
matic or manual reset. Mounting 
in a space less than 6 in. square, 
the industrial model weighs less 
than 2 lb; the aircraft model 
weighs 11 oz. Made by Custom Built 
Controls, Electro Governor Div., 
1801 Rand Rd., Des Plaines, Il. 


For more data circle MD-71, Page 177 


Lightweight Actuator 


Requiring as little as 2% x 
334 x 514, in. of space and weigh- 
ing 134 lb., Model 396 series linear 





actuator makes possible linear 
movement of loads up to 125 lb. 
Speed of operation, varying with 
the gear ratio and the motor util- 
ized, ranges from 1.4 ips at 7 lb 
load to 0.045 ips at 85 lb load, with 
the smallest motor available, and 
from 2.35 to 0.12 ips at the maxi- 
mum load with the most power- 
ful motor available. It is capable 
of driving an opposing load of 
125 lb through 19% in. of travel. 
Included are a gear box; a stand- 
ard ac or de motor; a centralizing, 
modified Acme screw; end posi- 
tion, nonjamming stops; a load 
limiting device; an internal, slip- 








ping-gear type clutch; and a radio 
noise filter. The load limiting de- 
vice provides for control of the 
linear force at any point between 
75 and 125 lb, within a fairly nar- 
row band. Made by Lear Inc., 
Grand Rapids Div., 110 Ionia Ave. 
N.W., Grand Rapids 2, Mich. 


For more data circle MD-72, Page 177 


Plastic Tubing 


Transparent Ace-Flex plastic 
tubing for temporary or perma- 
nent fluid lines is inert, odorless, 
nontoxic and withstands effects of 
aging. It is available in standard 
sizes with inside diameters rang- 
ing from 0.120 to 1 in. It can be 
made in special formulations to 





provide desired combinations of 
physical, electrical and chemical 
properties, and special sizes and 
colors are also available. Standard 


rubber tube system assembly 
methods are used. Applications in- 
clude tubing for coolant systems, 
lubricating, paint sprayers, air 
lines, instruments and distilled and 
food products. Made by American 
Hard Rubber Co., 93 Worth St., 
New York 13, N. Y. 


For more data circle MD-73, Page 177 


Low-Pressure Joint 


For use on schedule 40 pipe, type 
LPR ball bearing swivel fitting is 
designed for a maximum pressure 
of 1000 psi at a maximum temper- 
ature of 225 F. Characteristics in- 
clude easy turning at low torque, 
low resistance to flow, and safe 
operation. The thrust load is taken 
directly through the center of the 
balls. The hardened and ground 
races on which a double row of ball 
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bearings rotate are perpendicular 
to the lines of force. The fittings 
handle liquids, gas or semi-solid 
products which are compatible with 
the type of synthetic rubber pack- 
ing used. Packing materials, includ- 
ing Teflon, are independent of the 
ball rows and are unaffected by 
ball race wear. Repacking can be 
done while the fitting is in service. 
Made in eight basic styles for 
single, double and triple swings, 
they may have scarfed, bored, 
threaded or flanged end connec- 
tions. Made by Emsco Mfg. Co., 
Dept. 20, P. O. Box 2098, Terminal 
Annex, Los Angeles 54, Calif. 


For more data circle MD-74, Page 177 


Variable-Speed Drives 


Electronic control of type GV 
Speedranger variable speed drive 
permits fast response to signals 
based on speed, load, current, volt- 
age, pressure, light, temperature 
or time. Three or two-phase alter- 
nating current power is converted 








Dc DRive MOTOR 


MOTOR GENERATOR SET 


| 
| 


by motor-generator set and elec- 
tronic tube rectifiers to supply di- 
rect current for speed shunt 
wound motor. Drives are offered 
in 2 to 10 hp sizes and have basic 
speeds of 2400, 1750 and 1150 rpm. 
Drive speeds are adjustable down 
to one-sixth of basic speed for con- 
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tinuous duty, 50 C, and to one- 
tenth for intermittent duty. 

Line also includes type EV 
Speedrangers in sizes 4% to 1% 
hp which are similar in operation 
except no motor-generator set is 
used. Optional features for both 
types are jogging, reversing, dy- 
namic braking and special duty 
cycles. Direct current drive can be 
supplied in all standard Master 
parallel or right-angle shaft gear- 
head motors with ratios as high 
as 432 to 1. Made by Master Elec- 
tric Co., 126-33 Davis Ave., Day- 
ton, O. 


For more data circle MD-75, Page 177 


Miniature Connector 


A contact larger than the No. 20 
and smaller than the No. 16 con- 
tact used on larger connectors is 
provided in the series 18 connector 
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by the use of a contact for No. 18 
AWG wire. The 0.053-in. diam- 
eter solder cup hole can accommo- 
date two No. 20 AWG wires. Meas- 
uring 2 31/32 in. in length, the 
connector is available with 27 pins. 
Positive polarization is achieved by 
the use of reverse type guide pin 
and guide socket arrangement. Dis- 
engagement forces are reduced to 
a maximum of 8 oz per contact 
without sacrificing millivolt drop. 
These connectors can be molded 
from Melamine for high dielectric 
and mechanical strength; Plaskon 
reinforced alkyd type for high im- 
pact strength and arc resistance; 
or diallyl phthalate, mineral or Or- 
lon filled, for high dimensional sta- 
bility, good dielectric properties 
and maximum moisture resistance. 
Breakdown voltage between con- 
tacts, with contacts enguged at 










normal sea level conditions, is 2800 
v rms. Pin contact diameter is 
0.056-in.; mechanical spacing of 
contacts is 0.150-in. minimum; ef- 
fective creepage between contacts 
is 0.070-in. minimum. Available 
from DeJur-Amsco Corp., 45-01 
Northern Blvd., Long Island City 
1, N. Y. 


For more data circle MD-76, Page 177 


Rust Preventive 


ZRC provides a protective coat- 
ing to iron and steel surfaces, even 
if applied over adherent rust, mill 
scale and old paint. The dried 
coating contains 93 to 95 per cent 
zinc, which affords electrochemical 
protection to surfaces. Rust which 
may form in abrasions in the coat- 
ing will not spread under it. Rec- 
ommended method of application 
is by brushing. The coating dries 
in about four hours to a light gray 
flat finish. It provides a good base 
for oil-bound or synthetic paints 
or low-temperature baking finishes, 
if desired. Made by Sealube Co., 
14 Valley St., Wakefield, Mass. 


For more data circle MD-77, Page 177 


Solenoid Valves 


Relatively small solenoid in this 
line of two, three and four-way 
solenoid valves controls a_ pilot 
cylinder to provide a rapid force 
for shifting the valve spool. The 
valves accommodate various ac- 
tuating devices and are reposi- 
tioned by spring return or by 
hand, cam, pilot and foot or a 
second solenoid. Made in \% to 
14-in. NPT sizes, they can be 
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brass gate valves 
































No. 410, 


~s MBS CRANE 


be: s¢ NEW SHAPE... 
| NEW STRENGTH 








for 3 All-Time CRANE favorites 


Here are valves that didn’t have to be changed . . . because each has 
long been the best in its class. But Crane found ways of improvement 
to give you an even better buy for your brass valve dollars. 


For example—here is greater strength, greater rigidity, made pos- 
sible by the new cylindrical upper body . . . the same basic shape as 
high-pressure steel valves. Here, too, is an improved stuffing box that 
screws into the bonnet—also better stem support to assure truer 

= . alignment and minimize wear on the packing. 
co And not to be overlooked is ‘their clean, modern appearance—a 
a 150 S - ' very desirable advantage for all of your “exposed” installations. 


b SOO WOO” "A Sizes 4 to 3 in. Ask your Crane Representative all about this im- 
y; proved brass valve line next time he calls. 


just off the press... 


new four-page folder with 
complete facts including sizes, 
prices and dimensions. Send 
for yours today. Ask for Brass 
Valve Folder AD1944, 





No. 437, 
150-Pound 






THE BETTER QUALITY...BIGGER VALUE LINE...IN BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES - FITTINGS + PIPE - PLUMBING - HEATING 
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spring centered with numerous ar- 
rangements of pressure spools 
which control the flow. They can 
be used for pressures up to 150 
psi without an additional line, or 
up to 500 psi with an auxiliary 
low-pressure line of 35 to 150 psi 
for supplying the solenoid pilot. 
Valve’s kinetic O-ring seals have 
a life expectancy of over 3 million 
cycles. Made by Versa Products 
Co. Inc., 249 Scholes St., Brook- 
lyn, N. Y. 


For more data circle MD-78, Page 177 


Tube Fitting 


Midlock tube fitting, fabricated 
of type 303 stainless steel, locks 
and seals at any location on a tube. 
Assembly consists of sliding the 
tube into the fitting and tighten- 
ing it in the desired position. The 
ferrule is deformed against the 
tube and provides a seal without 
cutting into the tube surface and 


without stress concentration. The 
fitting can be loosened and re- 
sealed repeatedly. Made by Conax 
Corp., 4515 Main St., Buffalo 21, 
N. Y. 


For more data circle MD-79, Page 177 


Selector Switch 


The Brown-Hill precision, low- 
loss, ceramic selector switch is 
used in applications requiring con- 
stant stability in conductivity and 
minimum resistance, inductance 
and capacitance. The 18-position 
wafer type switches have a voltage 
breakdown rating of 4000 v ac, 
peak, at 60 cycles. Current car- 
rying capacity is 30 amp at 60 
cycles, noninductive load. It has a 
20-degree positive detent mechan- 
ism with adjustable stops. Rotor 
blades and stator contacts are of 
solid silver, providing low resist- 
ance, high current capacity and 
eliminating receiver switching 
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noise. Hole and cutouts are pro- 
vided in the contact for mechanical 
attachment of wires. Made of Dow 
Corning-200 impregnated steatite 
throughout. Available in one to 
six gangs and either bushing or 
stud-mounted from R-F_ Elec- 
tronics Inc., 291 N. E. 61st St., 


Miami, Fla. 
For more data circle MD-80, Page 177 


Plastic Wire Connectors 


Screw-on wire connectors with 
one-piece molded plastic threads 
and body facilitate connection of 
No. 14, 16 and 18 wires. Made in 
two sizes, connectors have high im- 
pact strength and good dielectric 
properties. Smooth threads grip 
wires securely without cutting wire 
strands. They are green in color, 
withstand temperatures up to 400 
F and bear Underwriters’ approval. 





Made by Ideal Industries Inc., 1059 
Park Ave., Sycamore, III. 


For more data circle MD-81, Page 177 


Voltage Supply 


Constant reference voltage sup- 
ply converts alternating current 
into a direct current voltage which 
remains constant within 1% of 1 per 





cent. Designed primarily as a ref- 
erence voltage for variable-speed 
motor drives and de servo systems, 
it can also be used to replace stand- 
ard cells, wet or dry cells, or elec- 
tronic regulating systems. When 
connected to a 115-v supply of 50 
to 400 cycles, the unit supplies a 
reference potential adjustable from 
0 to approximately 87 v. This ref- 
erence voltage is maintained with 
any load not exceeding 1 ma and 
throughout a temperature range 
of —50 to 40 C, with line voltage 





changes from 90 to 135 v. Two 
models are available, supplying, 
for external use, 275 volts unregu- 
lated, not exceeding 5 ma; or 150 
+2 volts regulated, not exceeding 
5 ma. Both supply a filament volt- 
age of 6.3 v ac, with center-tap, at 
a current not exceeding 0.6-amp. 
Made by Servo-Tek Products Co. 
Inc., 1086 Goffle Rd., Hawthorne, 
N. J. 


For more data circle MD-82, Page 177 


Miniature Roller Bearings 


Three new types of RMB mini- 
ature roller bearings are suitable 
for use in apparatus, machines 
and motors where shafts are sub- 
jected to heavy radial loads. They 
permit some axial displacement of 
the shaft, thus making possible 
more rapid assembly. Seven sizes 
have outside diameters from 0.4724 
to 1.0236-in. Roller assembly is re- 
tained by a snapring on the inner 
race and section of the shield at 
the outer race. Type N permits 
free axial displacement of the 
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shaft and easy removal of shaft, 
inner race and roller cage as a 
unit. In type NU the inner race 
remains on the shaft, while outer 
race, roller and cage can be re- 
moved as a unit. Type NP (illus- 
trated) has permanently assembled 
inner and outer races. Available 
from Landis & Gyr Ine., 45 W. 
45th St., New York 36, N. Y. 


For more data circle MD-83, Page 177 


Lubricating Grease 


An oxidation-inhibited lithium 
base product, Molykote BR2 is a 
multipurpose extreme pressure 
lubricating grease containing mo- 
lybdenum disulphide. It is useful 
for highly loaded ball and roller 
bearings and sliding friction sur- 
faces. Operating range is from 
—30 to 350 F. Made by Alpha 
Corp., 179 Hamilton Ave., Green- 


wich, Conn. 
For more data circle MD-84, Page 177 


Plastic Insulating Material 


Easily machined and possessing 
a low dissipation factor, Stycast 
0005 insulating material will with- 





stand temperatures as low as —70 
C and will not flow when subjected 
to temperatures as high as 200 C. 
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Prolonged heating under stress, 
however, should not exceed 125 C. 
Available in rods in nominal diam- 
eters from 14 to 3 in. and in sheets 
in nominal thicknesses from 1, to 
1 in., the material has tensile 
strength of 11,000 psi and a Rock- 
well M scale hardness of 105. At 
frequencies of 60 to 10*° cycles per 
second, the dielectric constant is 
2.53 to 2.56; dissipation factor is 
below 0.0005. Made by Emerson & 
Cuming Inc., 869 Washington St., 


Canton, Mass. 
For more data circle MD-85, Page 177 


Pushbutton Switches 


Series W100 snap-action switch- 
es are made to meet MIL-S-6743 
specifications and incorporate a 
moisture-proofing silicone rubber 
sleeve. Available types include 
most commonly used SP-ST, 3 ter- 
minal or SP-DT circuit arrange- 
ments. Current ratings are 10 
amp resistive, 5 amp inductive and 
3 amp lamp. Units are fabricat- 





ed from lightweight anodized alu- 
minum, and adaptors are available 
to meet nearly all mounting re- 
quirements. They are 1 5/16-in. 
long and weigh approximately 14 
oz. Made by Hetherington Inc., 
Sharon Hill, Pa. 


For more data circle MD-86, Page 177 


Gasoline Engines 


Lightweight models AV 47 and 
AH 47 have concentric cylinder 
fins. Both models develop 2 hp, 
have 2-in. bore, 1%-in. stroke, 4.7 





cu in. displacement, and horizontal 
cylinders. The crankshaft is ver- 
tical on model AV 47, horizontal 
on model AH 47. Vertical model 
weighs 13 lb and is 14% in. long; 
horizontal model weighs 14% Ib 
and is 13 in. long. Made by Power 
Products Corp., 1029 13th Ave., 
Grafton, Wis. 


For more data circle MD-87, Page 177 


Dual Wheel Caster 


Shock-absorbing Aerol wheel 
and caster assembly has individu- 
ally sprung dual 16-in. wheels, giv- 
ing smooth load travel over rough 
surfaces. It is fitted with an anti- 
shimmy brake for high speed op- 
eration. It weighs 75 lb, and is 
cast from heat treated 365 alu- 
minum. Made by Aerol Co., 1731 
Workman St., Los Angeles 31, 
Calif. 


For more data circle MD-88, Page 177 


Small Gears and Pinions 


Small gears and pinions are die 
cast in one piece from large stock 
of interchangeable die elements. 
Tooling combinations can be as- 
sembled from a large variety of 
gear and pinion or hub dies. Tools 
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not available for a particular re- 
quirement can be made when vol- 
ume warrants. Small gears, pin- 
ions and gears with combination 
of mechanical elements such as 
cams, hubs, spacers and flanges 
are available, precision die cast 
from zine alloy. Shafts and center 
holes of all shapes can be provid- 
ed. Maximum gear dimensions are 
1 5/16 in. OD and 1/16-in. face 
width. Made by Gries Reproducer 
Corp., 400 Beechwood Ave., New 
Rochelle, N. Y. 


For more data circle MD-89, Page 177 


Snap-Action Limit Switch 


Features of Loxswitch single- 
pole double-throw limit switch in- 
clude a trigger-action break inde- 
pendent of operating lever speed, 
operating shaft supported by bear- 
ings at both ends and large wir- 
ing compartment separated from 
moving parts. Vibration and im- 
pact shock are minimized by use 
of lightweight silver contacts in 
balanced rotor. Each pole is inde- 
pendently spring loaded and locked 
when in either position. 





Normally assembled for counter- 
clockwise operation with spring re- 
turn, switch, if specified, can be as- 
sembled for clockwise operation, 
or with return spring omitted, for 
maintained contact in either direc- 
tion. It can be changed in field to 
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meet these conditions. Usable on 
up to 600-v circuits, switch is rated 
6 amp on 120-v ac. With 20-de- 
gree over-travel, units have tested 
at 20 million operations. Made by 
R. B. Denison Mfg. Co., 4220 Hough 
Ave., Cleveland 3, O. 


For more data circle MD-90, Page 177 


Panel Meters 


Line of miniature side indicating 
panel meters provides maximum 
scale length with minimum panel 
area. Available in various ranges 
with flanges for single and back-to- 
back mounting, the self-contained 
units can be grouped both horizon- 
tally and vertically. The meters 
are accurate to +3 per cent of full 
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scale deflection on de and +5 per 
cent on ac. Ammeters, voltmeters, 
decibel, vu, and other meters are 
available in zero center, left and 
right models. Made by Interna- 
tional Instruments Inc., P. O. Box 
2954, New Haven 15, Conn. 


For more data circle MD-91, Page 177 


Miniature Motor 


Height and width of only 2% 
in., constant speed, quiet opera- 
tion, no radio interference, light 
weight and five mounting arrange- 
ments are characteristics of type 
K-4 induction motor. It is rec- 
tangular and has end shields for 
flush and recessed base, resilient 
ring, extended stud end and semi- 
special flange mountings. Motor 
is made in three sizes as either a 
split phase or capacitor type with 
constant speed of 1725 or 3450 
rpm. Applications include use in 
typewriters, magnetic tape record- 
ers, movie projectors and auto- 
matic phonographs. Made by 









Bodine Electric Co., 2254 W. Ohio 
St., Chicago 12, Iil. 


For more data circle MD-92, Page 177 


Solenoid Valve 


Three orifice sizes, 5/32, 3/16 
and 7/32-in., and four body styles 
are available in improved model 
73 solenoid valve. Double-dipped 
varnish impregnated coils which 
withstand high humidity condi- 
tions are easily changed to suit 
voltages required for special ap- 
plications. An electrical data plate 
accompanies each interchangeable 
coil. The valve can be used with 
any noncorrosive liquid, refriger- 





ants or air. Made by A-P Controls 
Corp., 2450 N. 32nd St., Milwaukee 
45, Wis. 


For more data circle MD-93, Page 177 


Powder Metal Alloy 


Two grades of Hevimet, an al- 
loy of tungsten, nickel and copper 
which is 50 per cent heavier than 
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CASE HISTORY: Fractional-hp Motor 


General Electric gave industry a brand new 
concept in motors with its all-new Form G 
fhp motor. These completely new... com- 
pletely different motors give full NEMA per- 
formance at up to 50% less weight . . . 40% less 
bulk, rating for rating! 


Among the new features of this smaller, lighter, 
more versatile motor is an increased use of 
aluminum. The newly designed aluminum rotor 
is practically indestructible and is cast integral 
with the rotor fan blades— making for cooler 
running. The aluminum end shields help 
provide neater appearance and better conduc- 
tivity of heat away from the motor bearings, 
helping to give longer bearing life. 


Perhaps you, too, can find better uses for 
aluminum for weight saving, neater appear- 


ance, heat conductivity, and as an electrical 
conductor. All in all, from both a manufac- 
turing and the user’s standpoint, aluminum is 
the ideal metal to use in a great variety of 
electrical products. 


In almost every industry a change to aluminum 
has provided increased manufacturing effi- 
ciency, improved design and at the same time 
increased sales appeal. Ask Reynolds Alumi- 
num Specialists to help you apply aluminum’s 
advantages to your products and production. 


Call the nearby Reynolds office listed under 
‘*‘Aluminum”’ in your classified telephone direc- 
tory. Also write for a complete index of design 
and fabrication literature. Reynolds Metals 
Company, 2521 South Third Street, Louisville 
1, Kentucky. 


See “Mister Peepers” Sundays on NBC-TV. Consult local listing for time and station. 


REYNOLDS ALUMINUM 


MODERN DESIGN HAS ALUMINUM 
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New Parts and Materials 





lead, are available for special ap- 
pieations. HM-1, with high ten- 
sile strength, provides greater ro- 
tary stabilizing force in applica- 
tions such as gyro rotors. HM-2 
affords 1144 times more gamma ray 
protection than lead and is adapt- 
ed to radiation shielding. Both 
grades are machinable with car- 
bide cutting tools and can be cad- 
mium, chromium or nickel-plated. 
Made by Carboloy Dept., General 
Electric Co., Detroit 32, Mich. 
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Thermal Sensing Unit 


This thermal sensing unit, called 
Plugstat, provides precise thermal 
warning without calibration drift. 
It can be used wherever tempera- 
ture limit indication is required, as 


<< 


JN 


in aircraft generators, air and 





water cooled engines, bearings, 
etc. Alloy contacts give clean 
make-and-break. Unit is capable 
of a 200 F overshoot from a high 
or low normal setting. It is rated 
at 44,-amp, 28 v, ac or dc resistive 
loads. Contacts can be arranged 
normally-open or normally-closed. 
Instrument is factory set and 
sealed and weighs approximately 
14% oz. Made by Control Products 
Inc., 300 Sussex St.. Harrison, N. J. 
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Yerminal Junction Boxes 


Largest unit in line of eight 
standard terminal junction boxes 
will accommodate 168 25-amp ter- 
minals. Fifty and 100-amp termi- 
nals can also be used in combina- 
tion with the 25-amp terminals. 
External mounting feet are pro- 
vided, and hinged door is gasketed 
with Neoprene to prevent entrance 









190 


of oil or coolants when used on 
machine tools. Terminals are 
mounted on removable straps and 
have generous wiring space. With 





no knock-outs, box can be entered 
as desired. Made by Square D Co., 
4041 N. Richards St., Milwaukee 
12, Wis. 
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Roller Bearing 


Steel cage solid cylindrical roller 
bearing is designed for use on a 
hardened and ground shaft where 
space is limited and the housing 
cannot be hardened and ground to 
required tolerances. Designated 
type A, inch series, the bearing 
has a roller assembly and split 
outer sleeves; no inner race is nec- 
essary. The roller assembly is 
formed by solid, hardened steel al- 
loy rollers mounted to two hard- 





ened end rings. The split outer 
sleeve forms an obtuse angle joint; 
rollers pass over the joint without 
shock or noise. Hardened steel con- 
struction permits heavy duty per- 


formance at speeds to 1000 rpm. 
Parts of the bearing can be in- 
stalled separately into the machine 
in which it is to be used, being 
joined when the machine is as- 
sembled. Made by Rollway Bear- 
ing Co. Inc., Seymour St., Syra- 
cuse, N. Y. 
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Servo Valve 


Any maximum desired output 
flow from 0.5 to 8.0 gpm in 1000 
to 3000 psi hydraulic systems can 
be controlled by the model 500 
electro-hydraulic servo’ valve. 
Standard signal input for full out- 
put flow is a differential current 
of +8.0 milliamperes, with lower 
or higher signal levels also avail- 





able. Use is in control systems 
requiring high accuracy or high 
speed of response. Valve body is 
aluminum alloy, and bushing and 
spool assembly are hardened steel. 
Size is 2 7/16 in. high by 3 1/16 
in. wide by 1% in. deep. Made by 
Moog Valve Co. Inc., Proner Air- 
port, East Aurora, N. Y. 
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Heat Resistant Enamel 


Kemclad Hi-Heat enamel for 
coating household appliances and 
other equipment exposed to sus- 
tained, moderately high tempera- 
tures is a combination of inorganic 
and organic materials. A modifi- 
cation of the silicone class of ma- 
terials, it retains the heat resist- 
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This brush strip can be bent, coiled, or twisted into 
numerous shapes. It can be formed to give inter- 
mittent or continuous brushing action. It can be 
attached to stationary or power driven mountings 

. can be adapted to your present machines or de- 
signed for new machine uses. Size possibilities are 
almost unlimited. To date they run from 4 inch 





Fullergript brush strip mounted on the guard sur- 
rounding the grinding wheel of a vertical die and 
surface grinder. The Fullergript strip concentrates 
the coolant on the work . . . and away from the 


TO THE INGENIOUS 


Not familiar with this 











Power-driven Fullergript Brush, mounted against 
a conveyor belt where it passes around the end 
pulley, cleans off all material . . . saves 14 man- 
hours formerly spent removing carry-back. 


to 1814 feet in length. How it may help you is a 
matter of your own ingenuity — plus the services 
of the Fuller Brush Engineering Dept. Find out 
what Fullergript can do by sending for a sample 
strip. We will also send a booklet showing its ver- 
satility. Simply write us. 














INDUSTRIAL 
' a 
| 
| 
MAIL THIS | 
COUPON 7 and tell me how 
TODAY : BNI sescsicastinnsesscien 
l Company ............. 
gg 
7 SS SSS bare 
| 
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The Fuller Brush Co., Industrial Div. 
3647 Main St., Hartford 2, Conn. 


Please send me without cost or obligation a short strip of Fullergript — 


it cuts costs when used as a machine component. 


AAR e eee eee e eee teen eeeeeeeeeeeeeeeteseeesereseeeeeeeseeeees SIOEBER secccccecereeeeeeeeeeeeeeerennee 











need information on 
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reach for your Product Design File 





*...@ great time-saver" 


These manufacturers’ catalogs are 
instantly available in Section 1C and 
1D of your Product Design File: 








Anchor Plastics Co. 
Bakelite Div., 
Union Carbide and 
Carbon Corp. 
Bolta Products Sales, Inc. 
Cast Optics Corp. 
Continental-Diamond 
Fibre Co. 
Dow Chemical Co. 
du Pof® de Nemours, 
E. |, & Co., Inc, 
Polychemicals Div. 
Durez Plastics and 
Chemicals, Inc. 
Farley & Loetscher Mfg. Co. 





Formica Company 
General American 
Transportation Corp. 


General Electric Company 
Koppers Company, Inc. 
Mica Insulator Co. 


National Vulcanized 
Fibre Co. 


Plexiglas Div., 
Rohm & Haas Co. 


Regal Plastics Co. 

Synthane Corp. 

U. S. Rubber Company 
Westinghouse Electric Corp. 











In other sections of the File you 
will find additional catalogs 
containing useful information on 
product forms, characteristics, 
performance and use. 


Sweet’s Catalog Service 


© 


Division of 

F. W. Dodge Corporation 
119 West 40th Street, 
New York 18, N. Y. 





New Parts and Materials 








possesses the versatility and econ- 
omy of an organic finish. Non- 
yellowing under sustained tem- 
peratures up to 500 F, it retains 
its glossy finish despite exposure 
to high temperatures and resists 
chipping and the effects of salt 
spray, hot grease, humidity, chemi- 
cals and household cleansers. Cur- 
rently offered in white only, the 
enamel may be produced in a range 
of colors later. Developed by Sher- 


win-Williams Co., Cleveland 1, O. 
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Vibration Isolators 


Turning the attaching bolts of 
series LM3 and LM5 Barrymounts 
lifts a machine foot to the re- 
quired height for leveling. Hori- 
zontal, vertical and rotational vi- 
bration is isolated. Height adjust- 





ments up to %-in. are possible, and 
the load limit is 4200 lb per iso- 
lator. Made by Barry Corp., 1000 
Pleasant St., Watertown, Mass. 
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Clutch Air Valve 


Designed specifically to elimi- 
nate accidental stroking due to 
valve failure, this dual air valve 
consists of two independent pilot 


| operated valves which are actu- 


| ated by electromagnets. 


The main 
valves are air actuated. Pilot valve 
construction reduces inrush and 
holding current requirements. The 
two independent valves are built 
into a single unit and cross ported 


| in such a way as to provide maxi- 


| mum safety. 


Each valve in the 
unit is a two-position, normally 





ant properties of inorganics and 
















closed type. Constructed for a 
pressure rating of 125 psi, the 
unit does not require lubrication 





and has no seals or springs. It 
operates on 115-v, 50 or 60-cycle 
current. Made by Danly Machine 
Specialties Inc., 2100 S. Laramie 
Ave., Chicago 50, Il. 
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Electronic Relay 


Using an electro-strictive capa- 
citive element, Capaswitch elec- 
tronic relay requires only 0.5 milli- 
watt-seconds of operating power 
to close the contacts, and less than 
0.1-milliwatt to hold them closed. 


Low power requirement permits 
direct operation by a phototube 
without an amplifier. Input resist- 
ance of electrostatic element is ap- 
proximately 100 megohms, and 


unit is actuated by electrical pulses 
as short as 10 microseconds. Mod- 
el A is single-pole double-throw 
type rated at 1 amp, 110-v ac non- 
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Here’s what we mean by SUPERIOR 
ENGINEERED FOUNDRY PRODUCTS... 


PROBLEM: 





























1. This crawler tractor steering lever, a weldment 
of steel plate and bar stock, was expensive to make. 


2. It lacked eye-appeal and detracted from the 
efficient appearance of the tractor. 


3. Dimensional stability was difficult to maintain. 


4. Assembling and machining time was excessive. 


le) Ribate). F 


A SUPERIOR ENGINEERED FOUNDRY DESIGN 
MALLEABLE IRON CASTING. It would cost less to 
produce, it would look better, dimensional stability 
would be maintained. It would have the rigidity 
and strength inherent in properly designed malle- 
able iron castings. 


RESULT: 


1. Production costs reduced. 





2. Greatly improved appearance. 
3. Dimensional stability easy to maintain. 


4. Assembly time eliminated, machining time re- 
duced to a minimum. 


TOTAL COST OF PART REDUCED 19.5%. 


YOU, TOO, CAN BENEFIT BY CONSULTING 
SUPERIOR’S PRODUCT DEVELOPMENT SERVICE. 


It will help solve your design problems, help save 
you time and money. Through Superior Engineered 
Foundry Design you get maximum advantages of 
quality, cost, performance, machining, assembly, 
weight, appearance . . . any or all in a single 
product. 


Make your parts Superior Engineered Foundry Pro- 
: ducts . . . malleable iron castings to 300 pounds, 
steel castings to 30,000 pounds. It wilt pay you to 
get in touch with Superior. 





Have you entered the first annual Product Development 
Contest sponsored by the Steel Founders Society of 
America? We'll be happy to send you the details. Just 
drop us a line. 

















— saan een dE i La A a 


CHICAGO 4, Railroad & Industrial Products Co., 332 S. Michigan Ave. 
SALES OFFICES: DETROIT 35, Ray T. Morris, 18050 James Couzens Highway 
BUFFALO 21, Gibney-Coffman Corp., 2107 Kensington Ave. 


2 Plat: 


BENTON HARBOR, MICHIGAN, U. S. A. 


Making Good Castings For Quality-Conscious People Since 1916 
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Global 
Favorites! 


Universal Precisioneered 
Balls are globes of unbelievable 
accuracy . . . tolerances 
of ten-millionths of an inch, 
whether in a pellet 
as small as a mustard seed or 


as large as a marble. 


For high speeds, silent 
operation, and minimal 
torsional resistance, 
use Universal 
Precisioneered Balls of 


chrome or stainless steel. 


Other Universal Balls in 
standard grades— 
chrome, stainless, bronze, solar 

aluminum and special 
materials— 100% inspected, 


individually gauged. 


For special instrument 
applications, we produce 

balls guaranteed accurate 
within .000005’’. 


Universal 


« 
@o | Ball co. 











WILLOW GROVE 
MONTGOMERY CO., PA. 


@° 











New Parts and Materials 





inductive load. Made by Mullen- 
bach Electrical Mfg. Co., 2300 E. 
27th St., Los Angeles 58, Calif. 
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Automatic Clutch 


Model 18C20 V-Plex automatic 
clutch is designed for use with 
gasoline engines of 1-in. shaft size. 





Adapted to applications requiring 
high starting torque, it tightens 
the belt as the throttle is opened. 
Engagement speed ranges from 
1800 to 2500 rpm, depending upon 
the belt load; disengagement oc- 
curs at 1200 rpm. Engagement is 
automatic as the throttle is opened. 
As shaft speed increases, driving 
belt pitch diameter is also in- 
creased. Using a B size V-belt, the 
unit has an overall pulley diameter 
of 2% in. Installation is accom- 
plished by slipping the clutch over 
the engine driveshaft and tighten- 
ing a self locking setscrew. Made 
by V-Plex Clutch Div., Light In- 
spection Car Works, Hagerstown, 
Ind. 


For more data circle MD-103, Page 177 


High-Temperature Wire 


Temprene stranded copper, sil- 
ver plated hook-up and lead-in 
wire is supplied in 11 solid colors 
and more than 100 combinations 
of striped insulation. Standard 
sizes range from 10 to 28 AWG, in 
both thin and heavy wall thick- 
nesses. Insulated with Teflon, the 
wire is capable of continuous duty 
at —100 to 260 C without deterio- 
ration and remains unaffected by 
outdoor weathering. Electrical ar.d 
chemical properties are excellent 
over a range of frequencies and 





temperatures. Dielectric strength is 
1000 v per mil, and volume re- 
sistivity is 10° megohms per cm. 
The dielectric constant is 2.0 to 
2.05 at frequencies from 60 cycles 
per second to 30,000 megacycles. 
More than 20 standard combina- 
tions of stranding are available, 
depending on the gage required; 
other strandings and special wall 
thicknesses can be supplied. Made 
by Hitemp Wires Inc., 26 Windsor 
Rd., Mineola, L. I., N. Y. 
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Pump Diaphragm 


Elastomers which resist corro- 
sive solutions and abrasive slur- 
ries are used in the fabrication of 
this bonded-rubber pump  dia- 
phragm. It is claimed that pumps 
using the diaphragm operate quiet- 
ly and more efficiently than com- 
parable size piston or jet types. 
The diaphragm illustrated operated 
continuously for 3500 hours with- 
out a decrease in pump efficiency. 
Applications include use on hy- 
draulic or pneumatic units. Made 


i 
bt Seiies ou 


ts a 





by Lord Mfg. Co., West 12th St., 
Erie, Pa. 
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Stainless Steel Valve 


Union bonnet, inside screw, non- 
rising stem stainless steel valve is 
available in %, %4 and 1-in. sizes. 
It has a compact shell cast body 
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BEFORE YOU DECIDE ON ANY HYDRAULIC PUMP FOR YOUR PRODUCT LOOK OVER THESE 


Cio 


DEPENDABLE PERFORMANCE—Thousands of PESCO 
Pressure Loaded PUMPS on critical installations, have 
proved their dependability of operation with excep- 
tional high-efficiency performance of their specific jobs. 


CONTINUOUS “NEW PUMP” EFFICIENCY—PESCO 
-quality control, from original design through precision 
manufacture and final testing, builds into PESCO 
products every characteristic that will insyre life-long, 
peak-operating efficiency and “new pump" perform- 
ance—with volumetric efficiencies to 97% and torque 
efficiencies to 92%. 


FULL RANGE OF CAPACITIES AND PRESSURES—PESCO 
PUMPS provide a full range of capacities to 60 gpm 
and pressures to 3000 psi. Operating speeds range 
from 1000 rpm to 4500. 





HYDRAULIC ENGINEERING SERVICE—This outstanding 
PESCO service is available for solution of hydraulic 
problems. Simply call or write the Home Office, Bedford, 
Ohio—The combined experience and skill of Pesco 
Hydraulic engineers is yours without obligation. 


LESS UNIT SPACE REQUIRED 
—The “Pressure Loading” 
features of PESCO PUMPS 
reduce the overall size re- 
quirement for a given instal- 
lation. Thisis possible because 
PESCO PUMPS can be 
operated safely at higher 
speeds—and still maintain 
the same excellent volumetric 
efficiencies at slow oper- 
ating speeds. 


PRODUCING THE BEST IN HYDRAULIC EQUIPMENT AND ELECTRIC MOTORS 
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Amaracan Cueyican, Panay Conair 


(TICrITsy 
AMBLER PENNA. 
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Technical Service Data Sheet 
Subject: RUST PROOFING WITH PERMADINE ° 
















































Sts parts that have been Permadized and then “sealed” with a rust- 
preventive oil such as “Granoleum” are effectively protected from rust. And, if 
the oiled ‘“‘Permadine” coating should be damaged, rusting will not spread beyond 
the area of exposure. 

Note: Automotive and other rubbing parts subject to friction are usually given 
“Thermoil-Granodine” manganese-iron phosphate coatings for both wear-resistance 
and protection from corrosion. 









































ie ff ‘  ] ° ° ‘ . * ‘ 
Type of coating Zine phosphate 
Object of coating Rust and corrosion prevention 
Nuts, bolts, screws, hardware items, tools, guns. cartridge clips, fire con- 
Typical products trol instruments, metallic belt links, steel aircraft parts. certain steel pro- 
treated jectiles and many other components 
U.S.A. 57-0-2C; Type Ii, Class B 
MIL-C-16232, Type II 
Government U.S.A. 51-70-1, Finish 22.02, Class B 
Specifications AN-F-20 : 
Navy Aeronautical M-364 
JAN-L-548 
Scale of Large or small volume; 
production large or small work 
Method of Dip 
application Barrel tumbling, racked or basketed work 
Equipment immersion tanks of suitable capacity. Cleaning and rinsing stages can be 
notes of mild steel. Coating stage can be of heavy mild steel or stainless steel. 
Chemicals required “Permadine” No. 1 
Any common degreasing method can be used, Alkali cleaning (“Ridosol”’), 
Pre-cleaning Acid cleaning (“Deoxidine”), Emulsion-alkali cleaning (“‘Ridosol” - “Rido- 
methods line’’); vapor coprensing. solvent wiping, etc., are examples. Acid cleaning 
may need to follow other cleaning methods if rust or scale is present. 
Bath Temperature 190° - 205°F. 
Coating time 20 - 40 minutes 
Coating weight range 1000 - 4000 mgs. per sq. ft. 
Technical Service No. 7-20-1-2 
Data Sheets T.M. No. 5 


















CHEMICALS CHEMICALS 


PROCESSES 





WRITE FOR FURTHER INFORMATION ON “PERMADINE” 
AND YOUR OWN METAL PROTECTION PROBLEMS 












New Parts 





and guided precision cast disk. 
Most exterior surfaces, with the 
exception of the cast body, are 
polished, providing a clean and dirt 
resistant surface. The nonrising 
stem minimizes product contam- 
ination, while a large stuffing box 


and accurately machined disks and 
seats minimize the possibility of 
leakage. Heavy wall sections resist 
corrosion. Made by Cooper Alloy 
Foundry Co., Bloy St. and Ramsey 
Ave., Hillside, N. J. 
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Pressure Controls 


Improved Cat. 104 sensitive stat- 
ic pressure controls employ molded 
screw type terminals. Units are 
available with silicone impregnated 
glass cloth diaphragms instead of 
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No sir... They're OK 





hardened bedway cross sections! 


These hardened ways, made by The Ohio Knife 
Co., give you an idea of the diversified shapes and sizes 
supplied. OK’s special process of manufacture permits 
building to your specifications in a wide range of design. 


Specially heat-treated tool steel makes OK ways 
practically wear-proof and helps maintain constant accu- 


racy throughout the life of the machine. This extreme 
hardness, 65-66 Rockwell “C," is uniform to 3/16-inch 
depth or more. 


Through the Ohio Knife process the long-wearing 
tool steel is welded to a soft steel backing under 2500 
tons pressure. Then precision equipment finishes the bed- 
way by grinding to tolerances up to + .0002 inches. 













THE ()HIO )'<NIFE CO. 


CINCINNATI 23, OoOuH!O 


Write today to Dept. A for comprehensive bulletin, ~\ 


ee 


or send us your bedway specifications. 


Manufacturers for the metalworking industry of: 


SLITTER KNIVES @ SHEAR BLADES @ BRONZE WAYS 
ROTARY SHEAR KNIVES e HARDENED SPACERS J 
HARDENED WAYS @ BALL RACES pe gi 
WEAR STRIPS @ GIBS aa 


— 





\ 


/ 
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THEY DO IT WITH PERSONAL 
RECOMMENDATIONS! Recently 
we surveyed our new accounts 




































(whose engineers specified Gast Air 
Motors, Compressors and Vacuum 
Pumps as components for their 
products). 


Of these new accounts, we found 
that one-half were sent to us by Gast Compressed Air Motors (vertical or 
other satisfied Gast customers! Also, horizontal) in sizes from 1/20 to 3 H.P. 
a sampling from hundreds of ac- 
counts indicates an average O.E.M. 
customer has bought from Gast for 


16-1/3 years! 


HOW DOES THIS HELP YOU? 
You can “specify Gast'’ with con- 
fidence — because you have proof 
that Gast service and products 
satisfy users year-after-year — and 


earn their voluntary recommen- 
. F Three types of Rotary Compressors offered; 
dations! sizes from 1.3 to 23 CFM; to 30 PSI. 


IT PROVES EVEN MORE! Indirect- 
ly, it proves the high quality of Gast 
products — for only controlled high 
quality continues to please! 


GAST HELPS DIRECTLY TOO — 
When you encounter problems on 
the application, installation or per- 


formance of Gast Products, our ex- 


Rotary Vacuum Pumps to 28 inches in 


erienced engineers are ready to ; 
P g Y V-belt, direct drive, integral-motor types. 


cooperate fully. Wherever Gast Air 


Motors, Compressors or Vacuum WRITE GAST, — A 
Pumps can do a job for you, we'll - Describing Your 

Specific Application. 
help make sure they do the best Request Catalog and 

“Ideas"’ Booklet. 





possible job! 


Original Equipment Manufacturers for Over 25 Years 






(TO ONE H.P.) (TO 30 LBS.) (TO 28 INCHES) 
GAST MANUFACTURING CORP., 107 Hinkley St., Benton Harbor, Mich. 





























New Parts 





neoprene where operation at high 
or low temperatures over long pe- 
riods of time is desired. The con- 
trols are used on very low pres- 
sures where regulation is required 
in inches of water. They can be 
made to operate at any value from 
0.3 to 20 in. water pressure with 
fixed differentials of approximate- 
ly 10 per cent of the operating 
pressure. Electrical ratings are 
approved by Underwriters’ Labora- 
tories for 10 amp, 125 v or 5 amp, 
250 v ac. Made by Coral Designs 
Div., Henry G. Dietz Co., 12-16 As- 
toria Blvd., Long Island City 2, 
N. Y. 
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Time Delay Relay 


Pushbutton or Microswitch pro- 
viding a momentary impulse will 
initiate the time delay of the model 
NEH Agastat time delay relay 
Lightweight compact unit has a 
pneumatically controlled time de- 
lay adjustable from 0.1-second to 
10 minutes or more. It has a nor- 
mally-closed auxiliary hold-in 
switch. Entire unit is 5% in. high 
and 2% in. square. It is avail- 
able for all standard alternating 
and direct current voltages in 
single-pole, double - throw’ or 
double-pole, double-throw models. 
Rating is 15 amp at 115 v 60 
cycles ac. Made by A’G’A Div., 
Elastic Stop Nut Corp. of Amer- 
ica, 1027 Newark Ave., Elizabeth, 
N. J. 
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END FUEL LINE FAILURE. Four Wheel Drive's famous trucks stand up to 
roughest service. So do their Titeflex® oil and fuel lines. Automotive engineers 
specify Titefiex metal hose because it resists wear, vibration and corrosion 
—won't crack, bake or deteriorate under high engine temperatures. 








BANISH IGNITION TROUBLE. Neither mud nor dust, snow, water 
or lubricants can affect the Titeflex-protected ignition leads of Continental 
engines in Patton M-48 Tanks. Also suppresses radio interference. Titeflex 
is a leader in developing ignition harnesses and metal hose lines for Army 
Ordnance tanks and vehicles. Titeflex quality pays off here. 








EAM 
L] ky HOSE L) PRECISION BELLOWS C] IGNITION HARNESS 


These 4 may end your design worries, too 


interested in. TITEFLEX, INC. 
508 Frelinghuysen Ave. 
Newark 5, NJ 
Please send me without cost 
information about the products 


[| IGNITION SHIELDING checked at the left. 








ELIMINATE VIBRATION. To end vibration and prevent leaks around 
fittings, Unifiex seamless metal hose is installed between circulator coils and 
motor of GE’s packaged air-conditioning unit. Made by Titeflex, Inc., 
Unifiex withstands critical stress and strain—is inherently leakproof. 





CONVEY CRITICAL FLUIDS SAFELY. Cooling lines to rubber milling 


machine use flexibility of Titeflex to advantage. In other applications, 
tough, corrosion-and-wear-resistant Titeflex safely conveys oil, steam, gases’ 
lubricants, brine, acids, oxygen and cempressed air. Rugged, seamless 
Unifiex withstands extreme vibration, physical abuse and strain. 


THERE’S ALMOST NO END to the engineering uses for Titeflex® seamed flexible metal hose 
or Uniflex seamless metal hose. From aircraft to automotive equipment—from drain lines 
to dental units—Titeflex simplifies design, construction, operation and maintenance. For 
types of hose, fittings, assemblies, applications and engineering data, keep our new 48-page 
Metal Hose Catalog No. 200 at your elbow. Use the coupon below to bring it and our 
design service without delay. 












ELECTRICAL WIRING 


RIGID AND FLEXIBLE 
a CONNECTORS U WAVE GUIDES LJ SYSTEMS 








NAME 
TITLE 

FIRM 
ADDRESS 
CITY DONE... StATE............... 
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EMSCQ 


ON A SWIVEL FITTING 








free turning 


-- HERE’S WHY! 


| 
THRUST 
LOAD 


There is no secret to the superior free turning qual- 
ities of an EMSCO Ball Bearing Swivel Fitting. 

Recognized engineering practice of loading ball 
© bearings so that the thrust load is through the 

bearings at their maximam diameter is employed. 

The races on which the double rows of balls ro- 
tate, through a full 360 degrees, are perpendicular to the main line 
of force. These features combined assure easy turning under great 
pressure or physical loading. 

Adjusting for bearing wear is so simplified it may be accom- 
plished while fitting is in service. A wide selection of packing for 
various types of service is available. Repacking without breaking 
end-connections is an outstanding EMSCO feature. Result: long 
service life; no discarded fittings; no expensive return to factory 
for repair. 

EMSCO Swivel Fittings are manufactured for practically every 
type of service; from high vacuum to pressures of 15,000 psi., and 
from sub-zero temperatures to 750°F. Simply tell us your applica- 
tion and type of end connections required. Complete information, 
prices and delivery upon request. 


EMSCQ MANUFACTURING COMPANY 


BOX 2098, TERMINAL ANNEX 


Houston, Texas LOS ANGELES 54, CALIF. Garland, Texas 





THE NAME TO LOOK FOR 








| 
| 
| 














ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Drawing Board 


Polystyrene plastic drawing 
board weighs less than 8 oz and 
measures 934, x 12%, in. Four 
corner clamps for attaching 81% x 
1l1-in. paper are recessed into the 





and horizontal and ver- 
tical retractable metal straight- 
edges are provided. Tension clamps 
on the under side of the board se- 


plastic, 


cure triangles for storage. Made 
by Graphostat Co., 110 Eaton 
Place, East Orange, N. J. 
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Load Cells 


Two series of type SR-4 load 
cells for measuring forces and 
weights include 18 compression 
cells, Type CX and CXX, in nine 
capacities ranging from 500 to 
200,000 Ib, and 16 tension load 
cells, Type TX and TXX, in eight 
capacities ranging from 500 to 
100,000 Ib. Nominal resistance of 
the cells is 120 ohm, and their 
voltage output at rated capacity is 
2 mv per volt. Type CXX and 
TXX “extra precision” cells have 
a calibration accuracy’ within 
+0.10 per cent at full-scale output 
at 65 F. Temperature effect be- 
tween 15 and 115 F on sensitivity 
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Why you can 


with a Kodak Conju-Gage 
Gear Checker 


é 


Why the composite check 


In practice, the final test of gear quality is how the gear works in use. The composite 
check recommended in American Standard B6.11-1951 shows this conclusively by 
measuring displacement of the gear when run against a master of known accuracy. And 
it does it in one quick operation that checks combinations of as many as six types of 
errors. 


Why the Conju-Gage Gear Checker 


Since displacement represents the sum of both gear error and error in the master, the 
accuracy of the master used determines the precision of the composite check. The Kodak 
Conju-Gage Gear Checker uses a master of exceptional accuracy, the Conju-Gage Worm 
Section. Produced by thread grinding, its accuracy is not limited by the same manufac- 
turing processes which limit accuracy in the gear itself. 

To settle for masters of lesser accuracy is to rob yourself of “‘tenths’’—to chance that 
tolerable error in a gear may coincide with error in the master to cause a needless re- 
jection. Or that intolerable error in a gear may be cancelled by error in the master to 
pass a gear that will fail in use. 

To reject every wrong gear is to guard the quality of your product. To pass every 
right gear is to reduce such rejection losses to a minimum. 

To find out more about how a Kodak Conju-Gage Gear Checker can lower costs 
while maintaining required precision, send for your copy of the booklet, “Kodak Conju- 
Gage Gear Testing Principle.” Write to 





The Kodak Conju-Gage Gear 
Checker automatically records the 
composite effects of runout, base 
pitch error, tooth thickness varia- 
tions, profile error, lead error, 
and lateral runout. Illustrated is 
the Kodak Conju-Gage Gear 
Checker, Model 8U, for gears up 
to 8%" pitch diameter. Smaller 
models are also available. 












Special Products Sales Division 
EASTMAN KODAK COMPANY, Rochester 4, N.Y. 









CONJU-GAGE INSTRUMENTATION 


-». anew way to check gear precision in action 





To inspect all kinds of complex parts on a bright screen, Kodak also makes 
two highly versatile contour projectors. 
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Look for 
this mark 


U MARK 


it stands for 


CURTIS vniversat sorts 


Since 1919 Curtis has con- 
centrated on the manufac- 
ture of only one line. Asa 







TRADE 





rr 


result, Curtis research, pro- 
duction and quality control 
techniques have produced 
the widely accepted Curtis 
standards—and the world’s 
best universal joint. 





ONLY CURTIS : 
OFFERS ALL 
THESE eee 
2 


BENEFITS ee 


Availability — 14 sizes in stock; i 
aN to 4" ©.D., bored or unbored 
ubs. 


Quality Stendards — Curtis Joints 
set the standards for the industry. kos 
construction. 


Constant Tests — catalog figures 
substantiated by constant tests in 
the factory. 


PLUS — facilities and engineering 
skill to handle special specification 
jobs always available. 


Not sold through distributors: 
write direct for free engineering 
data and price list. 


| 
TRADE GU. MARK “4 


UNIVERSAL JOINT CO., INC. 


5 BIRNIE AVENUE 
SPRINGFIELD, MASS. 


As near to you os your telephone 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 


Simplicity — fewer parts, simpler | 
' 
| 
f 

















Engineering Equipment 








(output) is within +0.0008 per 
cent per deg F; temperature effect 
on zero load, within + 0.0015 per 
cent of full scale per deg F. Zero 





balance at 65 F is within +2.5 per 
cent of full scale. Calibration ac- 
curacy of “precision” cells is with- 
in +0.15 per cent at full scale 
output. Temperature effect be- 
tween 15 and 115 F on sensitivity 
(output) is within +0.002 per cent 
per deg F, and the temperature 
effect on zero load is’ within 
+0.0015 per cent. Compression 
cells range from 4 13/16 to 115% 
in. high and 8 to 8 in. in diameter; 
tension cells range from 4 7/16 to 
17%, in. high and 3 to 9 in. in 
diameter. Made by Baldwin-Lima- 
Hamilton Corp., Philadelphia 42, 
Pa. 
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Record Reader 


Designed to facilitate measure- 
ments from oscillographic or film 
tracings, the Contact Telereader 
has an 18 x 30-in. illuminated view- 
ing area. Behind the screen, two 
crosswires are suspended between 
separate carriers which, controlled 
by handwheels, travel on linear 
ball bushings along precision rails. 
A cable and pulley arrangement 
interconnects the carriers and 


keeps the crosswires perpendicular 
throughout the viewing area. The 
position of the crosswires coincides 






















with the calibrated dials at the 
right of the operator. These dials 
are equipped with magnifiers and a 
light source independent of the in- 
candescent lamp which illuminates 
the screen. Each positively and 
negatively marked, the dials are 
calibrated in hundredths of inches 
and may be set to zero for any ar- 
bitrary crosswire position. Ac- 
curacy is +0.005-in. with visual in- 
terpolation. Made by Telecomput- 
ing Corp., 133 E. Santa Anita Ave., 
Burbank, Calif. 
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Dynamometer 


Precision instrument measures 
spring tension, starting torque and 
the force required to actuate deli- 
cate mechanisms. It is used to de- 
termine and check the force re- 
quired to overcome spring tension 
and other types of resistance in 
mechanisms such as electric con- 





clocks, 
business machines and time 


tacts, relays, telephones, 
switches. A small model is avail- 
able in pressure ranges of 5 to 15, 
5 to 30, 10 to 50, 20 to 100 and 
25 to 150 grams; a large model, 
in ranges of 25 to 250, 50 to 100 
and 100 to 1000 grams. All act 
in both directions and have fric- 
tion leader hands which, moved by 
the indicator hands, stop and re- 
main set at the highest force ex- 
erted during the test. Made by 
George Scherr Co. Inc., 200 Lafay- 
ette St., New York 12, N. Y. 


For more data circle MD-112, Page 177 


Miniature Recorder 


Capable of receiving four vari- 
ables, the Ratographic recorder 
can record two variables and in- 
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ALEMITE 





Accumeter 


lets you design automatic, fool-proof lubrication 
right into any machine— simply, economically. ..offers 
the operating savings industry will buy! 


Wheri a machine is designed with multi- 
ple ‘ubrication fittings that require man- 
uai attention, the user of that machine is 
sure to encounter a number of problems. 


grease automatically —at pre-determined 
intervals—while the machine is in opera- 
tion! Time, production and maintenance 
costs are cut to the bone! With all these 


\ People being what they are, some bear- advantages, it is small wonder that 95% 
\ ings will be neglected, others over-lubri- of all major plants buying machine tools 
N cated. Further, hand lubrication is costly specify centralized lubrication. 

23s aad and valuable production time’ is lost The Alemite Accumeter system is sim- 






















when machines must be shut down 
for lubrication. 

You avoid all of these troubles 
with the Alemite Accumeter. This 
amazing valve fits directly on bear- 
ings — meters an exact shot of oil or 

13 
16 





ple to design and build into any machine. 
Automatic Accumeter Systems assure 
you positive, low-cost lubrication. Find 
out about these automatic systems now. 
See the savings, the efficiency they add 
and you too will specify Accumeter! 








TUBING 







_ 







TYPE | 
ACCUMETER 


ee 


om 
TYPE 1 ( 
ACCUMETER f 
HOSE Q 
Fl INDICATOR SS 


FILTER a 
oa 


SWIVEL 


ANCHOR 
BLOCK 








offers all these advantages! 


@ Eliminates shutdown time for lubrication. 
Adds productive time to machine output 


@ Seals completely against dirt, grit, water 
all the way from “Barrel-to-bearing” 


@ Prevents bearing troubles due to neglect or use of wrong lubricant 


@ Services all bearings—including those inaccessible 
or dangerous—in one operation 


@ Avoids work spoilage and bearing 
repairs due to over-lubrication 








Sieaiaeiaiiiatnedaadcda anata 
| Free 
| _t —Alemite Accumeter Catalogue 
factory tested—field proved | end Saghteeting Duta Beek: 
Exhaustive, in-the-field tests show no appreciable varia- | ALEMITE, DEPT. R-14 : 
tion in the amount of lubricant discharged after 73,312 | 1850 Diversey Parkway, Chicago 14, Illinois 


Please send me my free copy of the Alemife Accumeter Catalogue 
and Engineering Data Book. 


lubrication cycles—equal to 122 YEARS of twice-a-day 
service! 


ALEMITE 


REG. U. S. PAT. OFF 
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Engineering Equipment 
















dicate two more or record three 
variables and indicate a fourth. A 
field-mounted pneumatic controller 
plugged into the back of the re- 
corder chassis transforms the re- 
corder into a recording-controller. 
Suitable for standard, graphic or 





semi-graphic panel mounting, the 


i i in. of 
CAMBRIDGE INDUSTRIAL WIRE CLOTH instrument requires 6 x 6 in. o 



















panel space and uses a 4-in. rec- 
tilinear strip chart available with 


#1. Some manufacturers assign only one operator : ’ : : 
either electric or pneumatic drive. 


to as many as ten looms. But here at Cambridge, we = 

have a prise trained operator for every ae ace ay Suenos io aN Sh, 5 
’ é : Jacksonville Rd., Hatboro, Pa. 

loom in the plant. Just a little difference ... but a For more data circle MD-113, Page 177 

BIG advantage in accurate mesh count and constant 

screen width. 





#2. Some wire cloth producers can work in only a Sine Wave Generator 
certain few metals or in a limited range of mesh 
sizes. Here at Cambridge we can weave cloth from For the determination of trans- 


fer functions of automatic control 
systems components and for defin- 
ing the physical properties of ex- 
isting plants to which control sys- 


any metal that can be drawn into wire...our range of 
sizes runs from 20 x 250 mesh up to 4 inch openings 
...a BIG advantage for customers with varied needs. 


#3. Some manufacturers are not equipped to fabri- tems are to be added, this instru- 
cate wire cloth into special forms, for example, filter - ment acquires data by the fre- 
leaves. But here at Cambridge, we can supply wire quency synthesis method. Sinu- 
cloth in bulk or in practically any type of fabricated soidal forcing functions are ap- 


plied to the system and measure- 
ments taken of amplitude and 
phase shift of the output response. 
Adaptable to pneumatic devices 
These are just a few reasons why it will pay you to investigate prevalent in industrial control sys- 
Cambridge for your wire cloth needs.°Call in your Cambridge tems, it generates sinusoidal air 
Field Engineer to get the full story . . . and he'll gladly quote 
on your next order. Write direct or look under “Wire Cloth” | 
in your classified telephone book. — 


saN22190, 
FREE CATALOG! Gives full range of mesh sizes and types of | Sag 
cloth available from Cambridge, also vaiuable . 
metallurgical data. Write for your copy today. [——=— 


The Cambridge Wire Cloth Co. | 


——+—++ 


METAL 1-1-1 SPECIAL 
+ CONVEYOR+—+—+_ METAL Cambridge 1, 
BELTS }—}—TFABRICATIONS Maryland 


+ + 


part ...aBIG advantage that saves you time and 
money by providing one source for both weaving 
and fabrication. 























Department N 








OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
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Unusual resistance 











To handle chlorine, especially moist chlorine, requires the finest corro- 
sion-resistant material, since this gas is more difficult to handle than 
hydrochloric acid. The manufacturer of this chlorinator, Fischer & Porter 
of Hatboro, Penna., in its search for the right material, selected U.S. 
Uscolite, after more than a year of testing in their own laboratories and 
in the field. 

Uscolite is a thermoplastic made by United States Rubber Company. 
It is highly resistant to most chemicals, is extremely light, with great 
impact strength. Month by month, more and more manufacturers are 
finding that it gives them advantages unobtainable in any other material. 
Uscolite isan example of how “U.S.” research scientists can invariably 
come up with a solution to a “they-said-it-couldn’t-be-done” problem. 
Call any of our 25 District Sales Offices, or write to address below. 


“U.S.”’ Research perfects it 
“U.S.” Production builds it 
U.S. Industry depends on it 


UNITED STATES 








to chlorine makes 


Uscolite’ a 
‘must for this 
chlorinator 


(Below) View of U.S. Uscolite 
Fittings in chlorinator. They 
are also used on machined 
flanges and connectors. 





CHLORINE GAGE 
WATER Gace 








Pp RQ 






Pp 


CHLORINE 
GATE VALUE 


ior 






' CHLORINE 
mauer 










R_ INDICATES USCOLITE RODS 


P INDICATES USCOLITE PIPING 
S INDICATES USCOLITE SHEET 








RUBBER 





COMPANY 


MECHANICAL GOODS DIVISION - ROCKEFELLER CENTER, NEW YORK 20, N. Y. 


Hose e Belting « Expansion Joints « Rubber-to-metal Products « Oil Field Specialties « Plastic Pipe and Fittings « Grinding Wheels « Packings « Tapes 


MACHINE DESIGN—January, 1954 


Molded and Extruded Rubber and Plastic Products « Protective Linings and Coatings « Conductive Rubber « Adhesives « Roll Coverings « Mats and Matting 






























has designs on 


your relay problems 


Years of careful planning and study of 
all details of your relay requirements 


are built into each Advance Relay 


design. Whether your problem involves 


contact loads, coil resistances, close 
differential, timing features, input 


sources or critical environment, you 


will find an Advance Relay to 


specifically fulfill the need. For features 
of unusual circuit behavior, Advance 


Engineers can supply you with the 


custom, precision-built, quality relay 


that you require. 


All Advance Relays meet or surpass 


Military and Civilian requirements. 


Many are AN approved. They are light- 
weight, compact, rugged and unsurpassed 


in manufacture and performance. 


Write for descriptive Catalog 
containing detailed information on 
complete Advance line and 
Custom Engineering facilities. 


ADVANCE ELECTRIC & RELAY CO. 


2435 NORTH NAOMI STREET 
BURBANK, CALIFORNIA 











Engineering Equipment 





pulses of adjustable frequency, 
amplitude and mean pressure and 
provides auxiliary electrical sig- 
nals for phase reference. Fre- 
quency is continuously adjustable 
in three overlapping ranges, cov- 
ering a spread of 72,000 to 1 with 
upper limit at 20 cycles per second. 
Amplitude is continuously adjust- 
able 0 to 1 in.; continuously ad- 
justable center position (mean 
pressure value) is 1 in. Electrical 
synchronizing pulse is 2 deg at 
each 90-deg interval of sine wave 
motion. Sinusoidal electrical out- 
put is in exact phase with me- 
chanical motion, and distortion of 
output motion is negligible at any 
amplitude or frequency for forces 
up to 5 lb on reciprocating rod. 
Made by Librascope Inc., 1607 
Flower St., Glendale, Calif. 
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Portable Oscillograph 


Wide-band, quantitative oscillo- 
graph, designated type 301-A, 
measures 9144 x 614 x 16% in. deep 
and weighs 20 lb. Bandwidth ex- 
tends from 10 cycles per second to 
4 megacycles (20 per cent down). 
Circuits for precision calibration 
of both time and amplitude are in- 
corporated. Suited to field use, the 
instrument withstands extreme 
conditions of temperature and hu- 
midity. Primary power require- 
ment is 115 v, 50 to 1000 cycles 
per second. Made by Instrument 
Div., Allen B. Du Mont Labora- 
tories Inc., 760 Bloomfield Ave., 
Clifton, N. J. 


For more data circle MD-115, Page 177 
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This is a dragline single roller track bracket; weight 
60 lbs. Orginally produced as a weldment, the part 
was redesigned to a steel casting through cooper- 
ation of the manufacturer’s engineering department 
and the steel foundry. 


In addition to the 30% savings, adoption of steel 
castings resulted in (1) a more readily machined part, 
due to decreased machine stock allowance and auni- 
form amount of stock (2) elimination of “creep” after 
machining, a condition caused in the fabrication 
by internal stresses (3) better appearance—always 


desirable when parts are visible in the final assembly. 


* * * 
Here is another example of the foundry cooperation 


PRODUCT DESIGN STUDIES ¢ NO. 54 


which is resulting in lower costs and improved 
products through redesign to steel castings. 


This service is offered without cost or obligation. 
It makes available through your foundry representa- 
tive the full results of the development and research 
program carried on by the Steel Founders’ Society 
of America. 


Product Development Contest... 


Two awards of $1000 each and four other cash awards—a 
total of $3500. Entries to be new ideas or applications of steel 
castings, and case histories of new jobs put into production. 
Write for folder giving full information. 


51 YEARS OF SERVICE TO INDUSTRY 


STEEL FOUNDERS’ 


920 Midland Building 


SOCIETY OF AMERICA 


Cleveland 15, Ohio 


nd Build With Steel Castings 
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+ Hal dd Mei ees 





Sales demanding “twice the product at 

half the price’? Does production want “half the cost and half the time” 
on the production line? Where are you? 

Caught in the middle? 


You can be a hero to both sales management and produc- 
tion management by telling them about Heli-Coil* Screw 
Thread Inserts. 

These precision formed inserts of stainless steel or phos- 
phor bronze wire make vastly stronger threads in metal, 
plastics, and other materials. So much stronger that you 
can safely use smaller and fewer and shorter cap screws — 
thinner sections, lighter bosses. Thus costs are reduced, 
production simplified. And threads cannot strip, corrode or 
gall—they never wear out. 

Learn how other designers are using Heli-Coil Screw Thread 
Inserts. Get the technical data you need to apply them to 
your “threadaches.” Use the coupon — now! 


*Reg. U.S. Pat. Off. 


He ee ee ae 




















i 

HELI-COIL CORPORATION , 
121 SHELTER ROCK LANE, DANBURY, CONN. 

l ! 
! () Send Free samples and Handbook No. 652, a complete design i 
I manual. ! 
' (C0 Send Free samples and put me on list to receive “Heli-Call”, : 
| case history periodical. t 
] i 
1 NAME ‘ - TITLE : 
I 
§} COMPANY l 
1 i 
i ADDRESS ] 
4 CITY ZONE STATE @ 212 , 
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| bedfast employee, I'll be there, tell- 






#rRoM his catalog of engineering 
specimens, J. P. Henderson pre- 
sents a familiar type this month. 


The Problem Engineer 


This is not the type of man to 
whom the boss gives problems for 
a quick and useful answer. Instead 
the man brings his problems to the 
boss! Sometimes he is known as 
the complaint engineer, although 
he is never found behind a window 
with a “Complaint Department” 
sign over it. 

One variety deals entirely with 
personal and family troubles. Per- 
haps it is ill health. Now a suc- 
cessful executive is supposed to 
have a fairly kind heart and a sin- 
cere interest in people. This again 
is a matter of degree. Given a 


ing him honestly not to worry. Or 
if a man has a wife in the hospital 
or a sick child, I can be as sympa- 
thetic as the next man. 

It’s all a part of the open-door 
policy that an effective adminis- 
trator should maintain. Cold blood- 
edly, it has been found to pay off 
in more effective personnel situa- 


| tions and understanding. And if 





it comes from the heart it’s just 
that much better. 

But the regular and detailed 
problem engineer is a pain in the 
boss’s neck. Weekly or semiweekly 
accounts of all his personal and 
family ills can strain any boss’s 
patience. 

Another type specializes in the 
“hurt feelings” problem. I have 
known engineers who never en- 
tered my office to report anything 
except childish complaints. Some- 
one has hurt his feelings; he has 
been bypassed or not treated with 
the respect due him. I make a few 
clucking noises, which I hope he in- 
terprets as sympathy, and wait him 
out. But what really goes on in 
his mind, I wonder? Does he think 
I would really do something be- 
cause his feelings are hurt? 

Just what am I supposed to do 
as the boss? The only effective 
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PERFORMANCE DATA PROVE 
Norgren Automatic-Drain Filter’s 
HIGH EFFICIENCY IN MOISTURE REMOVAL 













80 


60 


40 


20 


WATER REMOVAL—PERCENT 


0 5 10 15 20 25 30 35 40 45 50 55 
FLOW — CFM 


LOW PRESSURE DROP 


1.25 200 MESH FILTER SCREEN 60 PSI 
PRIMARY 









80 PSI 
PRIMARY 





7) 
operates whether air | 1.00 
pressure is constant or =z 

wm 0.75 100 PSI 
fluctuating, whether g PRIMARY 

ee ° < 0.50 

or not air is flowing. 2 

ra 

w 0.25 

p= | 

2 

aa = 

0 10 20 30 40 50 


FLOW — CFM 


whether air pressure is constant or fluctuating, whether 
or not air is flowing...assures clean, dry air under all 


Filtering the air that powers your tools, cylinders 
and other pneumatic equipment is essential if you 
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want better equipment performance and more output 
with lowest maintenance costs. 

The new transparent bowl Norgren Automatic- 
Drain Filter gives you this vital protection automatically, 


A. aor 


3442 So. Elati, Englewood, Colo 





PIONEER AND LEADER IN OIL-FOG LUBRICATION FOR 26 YEARS 
Valves @ Filters © Regulators ¢ Lubricators © Hose Assemblies 


conditions, without attention. Flow: 0 to 35 cfm; pres- 

sure; 30 to 150 psi; temperature: 40° to 120° F. 
Drain operates automatically, but discharges 

only under full load to reduce wear and loss of air. 











New transparent Replaceable metal 

replaceable bow! bow! filter for 

filter for %" and %", %” and 2 

) 1” air lines. Water air lines. 

capacity 1 pint. 

Permanent metal New, small replace- 

bowl filter types able bowl filter 

for %4" to 1%” for %" and %” 

air lines. air lines. Screw 
type clamp ring. 
















PRODUCTION Plus 
with BryUuR / 
LUBRICATION® 








































































Modern machine tool manufactur- 
ers take justifiable pride in building 
constantly increased production and 
accuracy into their machines. As rates 
and standards increase, adequate lu- 
brication becomes essential. To safe- 
guard 41 important bearings on their 
5-Spindle Automatic Bar machine, 
Warner & Swasey, one of America’s 
leading manufacturers, standardizes 
on Bijur lubrication. Because Bijur 
delivers predetermined, metered 
lubrication automatically, the number 
of manufacturers and users who spec- 
ify Bijur as standard equipment is 
constantly increasing throughout 
industry. 


If you're looking for longer machine life, 
lower maintenance, and increased pro- 
duction, look to Bijur to solve your lubri- 
cation problems. 
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The correct 
oil film 


‘cy )0—Ssté<“/sSCLUBRICATING CORPORATION 
= Rochelle Park . New Jersey 
Pioneers in Automatic Lubrication 4, 










Stress Relief 





action might involve calling the 
department together and make an 
announcement something like this: 
“Now hear this. Stop hurting Joe’s 
feelings. Treat him with respect!” 

Wouldn’t he be a surprised and 
hurt Joe if I took such action! It 
is likely he expects nothing except 
the opportunity to relieve his mind. 
The problem engineer merely car- 
ries to excess some traits found in 
all human nature. 

The complaint about hurt feel- 
ings is effective in getting a salary 
increase. The raise usually comes 
to “he boss, however. In a sympa- 
thetic mood, the president is likely 
to raise the boss’s salary for hav- 


| ing to deal with such people! 


Both the “detail” engineer and 
the “problem” engineer are great 
consumers of the boss’s time. How 
much of this time belongs to an 
employee? This seems to be such 
an elementary and fundamental 
thing; any engineer can formulate 
an equation for it. 

The basis for such an equation 
is very simple if one is within sight 
of the boss’s office. Observe his 
habits. How much time does he 
spend per week in regularly sched- 
uled meetings? In informal meet- 
ings with other department heads? 
With outside salesmen? In look- 
ing after his mail and dictation? 
(Judge the attractiveness of his 
secretary and apply a multiplier to 
this time.) Add them all up and 
subtract from 40. How many peo- 
ple report to the boss? Divide them 
into three classes. The lower 
group, because of the nature of 
their work, rate about two minutes 
per week. The next two groups of 
semi-important people and section 
or group leaders rate the rest. With 
a little calculation one can locate 
his relative responsibility in the 
group. How much of the boss’s 
time is really available for a par- 
ticular individual? 

That’s right! It’s only ten min- 
utes. 

The hour-and-a-half week @uring 
which the problem engineer ‘as 
been entertaining the boss with 
belt slip, abdominal pains, and hurt 
feelings accounts for the full brief 
case the boss takes home. 

Well, that’s one way to get even. 

—J. P. HENDERSON 
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AND EXPOSITIONS 


Jan. 11-15— 

Society of Automotive Engi- 
neers. Annual meeting to be held 
at the Sheraton-Cadillac Hotel and 
Hotel Statler, Detroit, Mich. Ad- 
ditional information may be ob- 
tained from society headquarters, 
29 West 39th St., New York 18, 
N. Y. 


Jan. 18-22— 

American Institute of Electrical 
Engineers. Winter general meet- 
ing to be held at the Statler Hotel, 
New York, N. Y. Additional in- 
formation may be obtained from 
society headquarters, 33 West 39th 
St., New York, N. Y. 





dan. 22— 

Malleable Founders’ Society. 
General society meeting to be held 
at Hotel Cleveland, Cleveland, O. 
Additional information may be ob- 
tained from society headquarters, 
1800 Union Commerce Bldg., Cleve- 
land, O. 


dan. 25-27— 

Plant Maintenance & Engineer- 
ing Conference to be held at the 
Hotel Conrad Hilton, Chicago, IIl. 
Additional information may be ob- 
tained from the exposition manage- 
ment, Clapp & Poliak Inc., 341 
Madison Ave., New York 17, N. Y. 


dan. 25-29— 

Institute of the Aeronautical 
Sciences. Twenty-second annual 
nieeting to be held at Hotel Astor, 
New York, N. Y. Additional in- 
. formation may be obtained from 

society headquarters, 2 East 64th 
St., New York 21, N. Y. 


Jan, 27-29— 

Society of Plastics Engineers. 
Tenth annual technical conference 
to be held at the Royal York Hotel, 
Toronto, Ontario, Canada. Addi- 
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‘ MODEL CK 


Compact, self-priming, uni- 
directional. Spring-loaded 
packing. Direct drive or belted 
units. Capacities from 5 to 50 
g.p.m. Pressures to 400 p.s.i. 
MODELS 


* 
s 7CK-8CK 


100 and 200 g.p.m. pumps with 
flanged ports at right angles. 
Pressures to 200 p.s.i. 


LA 
oa 
MODEL CKB 
Same as Model CK, 


sizes 2to 6, with dependable 
Tuthill mechanical shaft seal. 


CK SERIES 

















GET THIS NEW 
TUTHILL CATALOG 
NO. 103 ON PUMPS 

FOR HIGH PRESSURE 
SERVICE 





































This new guide gives you 
types and sizes of Tuchill 






High Pressure Pumps to 






meet any requirement for 






hydraulic service where the 






operating pressure does not 
exceed 400 p.s.i. Capacities 
range from 5 to 200 g.p.m. 

















MODEL RCK 


Includes Tuthill's exclusive automatic 
reversing feature which permits driv- 
ing pump in either direction without 
changing direction of flow or port 
positions. Available also with me- 
chanical seal as Model RCKB. 















The following models 
are typical. 


Write for Tuthill 
Catalog No. 103 today. 













TUTHILL Pump COMPANY 


Dependable Rotary Pumps since 1927 


939 East 95th Street, Chicago 19, Ilinois 


TUTHILL 






Canadian Affiliate: 
Ingersoll Machine & Tool Company, Ltd. 
Ingersoll, Ontario, Canada 


















Meetings and Expositions 





from society headquarters, 513 Se- 
curity Bank Bldg., Athens, O. 





Cross-sectional views and di- 
mensions as shown on this 
clutch page provide helpful in- 
formation in making selection 
of the proper unit. 








Feb. 3-5— 

Society of Plastics Industry. 
Ninth annual reinforced plastics 
division conference to be held at 
the Edgewater Beach Hotel, Chi- 
cago, lil. Additional information 
may be opvtained from society head- 
quarters, 67 West 44th St., New 
York 18, N. Y. 
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Feb. 15-17— 

American Management Associa- 
tion. Personnel conference to be 
held at the Palmer House, Chicago, 
Ill. Additional information may be 
obtained from society headquar- 
ters, 330 West 42nd St., New York 
18, N. Y. 


| Mar. 2-4— 

Society of Automotive Engineers. 
National passenger car, body and 
materials meeting to be held at 
Hotel Statler, Detroit, Mich. Ad- 
ditional information may be ob- 








| tained from society headquarters, 
New help in solving | 29 West 39th St., New York 18, 
| N. Y. 
e # | 
Q transmission problems | 
This new Stearns magnetic brake and clutch Bulletin | Mar. 15-19— 


226-C provides a ready reference for figuring the right 
transmission equipment for your machines. Free for the 
asking, it’s packed with facts, figures and diagrams on 
dimensions, capacities, horsepower and torque ratings 


National Association of Corro- 
| sion Engineers. Tenth annual con- 
ference and exhibition to be held 


on Stearns magnetic clutches, brakes and clutch-brake at the Kansas City Municipal Au- 
combinations. | ditorium. Additional information 

Get your copy now. Just send a postcard requesting | may be obtained from society head- 
Bulletin 226-C or fill in the handy coupon. Extra copies quarters, 1061 M & M Bidg., Hous- 
available for your associates. No cost. Just state quantity. ton 2, Tex. 


1066 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS 4 MAGNETS =~ 


Institute of Radio Engineers. 
STEARNS MAGNETIC, INC. 692 S. 28th St., Milwaukee 46, Wis. National convention to be held a! 





' [ee ~ Seip NT RINSED ng “eR RENE Ra OR oe the Waldorf-Astoria Hotel and th: 
‘ Please send me ........... copies of new Stearns Bulletin 226-C. ! | Radio Engineering Show at Kings- 
{ Name - Title : | bridge Armory in the Bronx. Ad- 
§ Company t | ditional information may be ob 
' Street Address : | tained from society headquarters 
H City Zone State... ; 1475 Broadway, Times Bldg., New 
boasseauensneunnsseunenssesseouseuensaibebosoenewsened York 36, N. Y. 
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New, compact 
photo-record processor 


for paper oscillograms 
and other rolled paper 
photo-records 


THE TEST ENGINEER’S DILEMMA—how to 
develop and dry large quantities of test data 
on rolled sensitized paper—is solved by Con- 
solidated’s new Type 23-109 Oscillogram 
Processor. Built for operation at the actual 
testing site, this self-contained instrument, capable of process- 
ing records as rapidly as 15 feet per minute, requires no 
external water supply and can be used in daylight or in a 
normally illuminated room. Simplified loading, processing and 
unloading techniques permit operation by personnel without 
previous photo-lab experience. The Type 23-109 processor is 
compact, portable and fast, requiring only electric power for 
the paper-transport motor and the drying drum. Where the 
problem is to save time in processing voluminous test data on 
photo-record paper, CEC’s new oscillogram processor is the 
practical answer. Write for Bulletin CEC 1537A-XS. 


Consolidated 











Reduces time lag between test and 
interpretation of data. 

Requires no dark room for operation. 
Built for testing-site use without external 
source of water. 

250 foot capacity for photo-record paper up 
to 12” widths. 

Thermostatically controlled solution 
temperature. 

Automatic squeegeeing for longer 


solution life. Loading of the magazine is easy. Threading the processor is 


Cumulative processed-footage indicator. Processing of paper in varying simple. Insertion of the roller 
widths to 12” is handled by racks threads the short leader 


simple, adjustable guides. quickly and easily. 





Consolidated Engineering pam 


CORPORATION INSTRUMENTS 
300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service through €E€ INSTRUMENTS, INC., a subsidiary with offices in: 
Pasadena, New York, Chicago, Washington, D. C., Philadelphia, Dallas. 
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Ball Piston Pumps 


and Motors 


By H. Stern and W. T. Rauch 


Development Engineers 
General Electric Co. 
Schenectady, N. Y. 






















6 bees ball piston pump combines 

in a compact simple package 
many desirable features which are 
indicative of good hydraulic equip- 
ment design. Interest in this basic 
design was initiated by control 
work on navy ordnance equipment. 
In this project it was found that 
servo performance of a gun mount 
is often limited by the characteris- 
tics of the hydraulic pump and mo- 
tor combination which is used to 
transmit power from an electric 
motor to the gun turret. The pump 


must be of a design in which the 
displacement can be quickly and 
accurately controlled to any value 
within the limits of the design. 
This requires low mass and short 
motion of the stroking mechanism 
in the pump. The motor should 
have low rotational inertia, so that 
its acceleration will consume a 
small fraction of the supply pres- 
sure when maximum acceleration 
of the gun turret is called for. A 
look at the ball unit design will 
show how these requirements are 


fulfilled. 


Ball Unit Design: A steel ball is 
used as a piston. The schematic 
sketch, Fig. 1, shows such a ball in 
a bore to which oil is admitted at 
low supercharge pressure through 
check valve A and can be dis- 
charged through check B. The ball 
can be made to reciprocate in the 
bore by a simple cam, rotating 
about O. This scheme completely 
replaces the piston, crank shaft, 
wrist pin, connecting rod, and as- 














Fig. 1—Basic design of 
ball piston type pump 
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Fig. 2—Basic design of 
cylindrical piston pump 
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sociated bearings commonly found 
in positive displacement pumps, 
Pig. 2. 


Multiple Cylinder Unit: Expand- 
ing the basic principle of a ball 
piston pump, a multiple cylinder 
unit can be constructed as shown 
in Fig. 3. The radial cylinder bore 
arrangement provides several de- 
sirable features: 


1. No mechanical piston return is 
required. 

2. Centrifugal force on ball pistons 
is sufficient to maintain contact 
between balls and race. 

3. Ball-bearing type stroking-ring 
is easier to machine than a pro- 
filed cam. 

4. All reaction forces can be sup- 








ported without use of a thrust 
bearing. 

5. Controlling forces and inertia of 
moving parts are small. 


Referring to Fig. 3, the pintle at 
point 1 serves both as a valve for 
the oil and as a bearing for the ro- 
tating cylinder block, point 2. Oil 
is taken from inlet passage A when 
a ball travels clockwise around the 
stroking axis from X to X’. Dur- 
ing this half revolution it moves 
outward, the space behind it filling 
with fluid. During the half turn 
from X’ to X, the ball discharges 
oil under high pressure into the 
discharge passage B. During the 
entire revolution the balls, point 5, 
roll along the eccentric stroking 
ring, 3, while spinning in their cyl- 


inders, 4. Degree of eccentricity 
of the stroking ring center, Y, from 
the center of rotation, O, of the 
cylinder block determines the ex- 
cursion of each ball and, hence, the 
displacement of the unit during 
each revolution. When the strok- 
ing ring center moves from Y to- 
wards O, the displacement decreas- 
es until it becomes zero when Y 
and O coincide. As Y moves past 
O towards X, flow is reversed and 
the function of passages A and B 
is interchanged. Maximum stroke 
for a ball piston is less than % the 
ball diameter, a common value be- 
ing about 40 per cent. This high 
bore to stroke ratio of ball piston 
units allows them to operate at rel- 
atively low piston velocities and 





Fig. 3 — Design of 
multiple cylinder ball 
piston pump 





1. Pintle 
2 Cylinder block 


3. Stroking ring 
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Fig. 4—Ball piston servo pump and 
electro-hydraulic stroke control pro- 
duce rapid changes in hydraulic output 


erates 








Fig. 5—Cross-section of constant- 
pressure ball pump which op- 
at high shaft 
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avoids high sidewall forces in the 
cylinder bores. 

It need not be stressed that only 
the highest precision parts made 
from the toughest materials by in- 
tricate manufacturing processes 
will permit this type of sliding 
without causing seizures. A ball 
allows a greater amount of fluid to 
leak through the piston-cylinder 
clearance than a cylindrical piston. 
Proper clearance must be main- 
tained to satisfy both speed and 
leakage considerations. In ball 
pumps a small number of high pre- 
cision parts replace the large num- 
ber of components commonly en- 
countered in such equipment. 

The amount of motion required 
to change a pump from full stroke 
in one direction to full stroke in 
the other direction is small and, 
therefore, can be accomplished 
very rapidly by a simple stroke ac- 
tuator. Small hydraulic pistons of 
approximately the same diameter 
as the balls of the unit are suffi- 
cient to supply the necessary strok- 
ing force. Low inertia of the strok- 
ing mechanism permits the unit to 
vary pressure or flow rapidly. 


Two Cycle Design: Radial ball 
piston units can also be built on a 
two cycle principle using an ellipti- 


cal cam in place of the eccentric 
circular stroking ring. In this case 
the pintle pin must provide four 
passage ways for oil, two for inlet 
oil and two for outlet oil. This de- 
sign allows each ball to perform 
two pump cycles per revolution of 
the cylinder block. Such a pump 
will deliver twice as much power 
per revolution as a single cycle 
unit. 

Any ball unit will motor as well 
as pump. It is evident from Fig. 3 
that pressure supplied to a ball 
from passage A will cause the ball 
to move outward in the cylinder 
bore and thereby supply a clock- 
wise motoring torque to the cylin- 
der block. Ball piston units which 
are devoted entirely to motoring 
duty are usually built with the 
stroking ring fixed at maximum 
displacement. 


Servo Applications: In a ball unit 
the cylinder block with the ball 
pistons and the drive shaft form 
the only rotating members. It is 
very important that the inertia of 
these parts can be held low in ball 
motors. Because of the higher 
torque to inertia ratio, two-cycle 
ball piston units are most frequent- 
ly used as fluid motors. For in- 
stance, a typical 0.28-inch® per rev- 
olution ball motor supplied with 
3000 psi fluid will accelerate from 





standstill to 14,000 rpm in five mil- 
liseconds, and this speed is attained 
in approximately the first 4% revo- 
lution of the shaft. This same mo- 
tor will idle smoothly at low speed 
with as little as 3 psi pressure 
drop; initial breakaway pressure is 
only a few psi higher. These char- 
acteristics make the ball motor a 
useful servo-system component. 

The servo pump, which provides 
the controlled power for such a mo- 
tor, is shown in Fig. 4. In this 
pump controllability is the major 
objective, and this is achieved by 
operating the pump at constant 
speed and varying the stroke to 
produce the desired flow. Stroke is 
generally controlied by an electro- 
hydraulic proportional valve whose 
input signal level is 3 to 5 watts. 
A ball piston pump controlled by 
this device can deliver peak powers 
of 60 kilowatts; thus power gain 
of such a servo-pump system is be- 
tween 1200 and 2000. Low inertia 
of the stroking ring and the low 
controlling forces mentioned earlier 
make it possible to achieve rapid 
changes in hydraulic output. A 
ball pump of this type, hydraulical- 
ly coupled to a fixed stroke ball 
motor, is now employed to provide 
the speed gear for a navy gun tur- 
ret. 


Operation at High Pressures: A 








Fig. 6—Below—Pressure-flow characteris- 
tic of constant-pressure, ball type pump 
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Fig. 7—Right—Differential transmission employ- 
ing the ball unit type of design. 
variable “gear ratios” produced by relative hy- 
draulic displacements of two ball-piston units 
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Sealing 


- 


use American Felt / 











Probably tractors encounter more severe operating conditions 
than almost any other piece of mechanical equipment, and for 
that reason it is vitally important to keep dust, grit, and water 
out of operating parts, and oil and grease in. Felt seals are ideal 
for this purpose, and American is proud to supply felt for seal- 
ing to Caterpillar Tractor Co., Peoria, Illinois. In these days of 
expanding construction, you will see Caterpillar-built machin- 
ery everywhere. Felt is in many of them, unseen, helping pro- 
tect performance, reliability, and long life . .. American makes 
various types of felt for sealing purposes, and supplies it as 
desired, including gaskets and washers cut to size. For infor- 
mation, write for Data Sheet No. 11, “Felt Seals, Their Design 
and Application.” 


Americanfelt 
Com 






GENERAL OFFICES: 22 GLENVILLE ROAD, GLENVILLE, CONN. 
SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, Rochester, 


a a dust seal ape ea the — = the Hee aay gt we > or ye ag ~ ag a 

. t ompartment a Cater- ttle, San Diego, Montreal.— : Glenville, Conn.; Franklin, Mass.; New- 
a gear and steering clutch comp - burgh, N. Y.; Detroit, Mich.; Westerly, R. I.—ENGINEERING AND RESEARCH 
pillar track-type Tractor. LABORATORIES: Glenville, Conn. 
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BACKED BY 38 YEARS OF KNOW-HOW ! 


BUILT 


SPACEMAKER AIR CYLINDERS 
catalog SM 454 





AiR AND ¢ 
HYDRAULIC CYLINDERS 
catalog 43 and H-47 
Off shelf delivery all styles 
to 3” bore in increments 
of 1” to 12” stroke. 


er CLINCHORS 


| catolog 847 


Let T-) performance help you save labor and 
reduce costs in your plant today! You'll find T-J 
products soundly engineered and ruggedly 
built for tough jobs in a wide range of appli- 
cations. 





_ For efficient power movement in pushing, pull- 
F “ing or lifting—up to 50,000 Ib.—T-J Air and 
' Hydraulic Cylinders with new Super Cushion 
and space-saving features! For high production 
. in rivet-setting, T-J Rivitors with automatic 
‘ feeding and setting ... . air or electric power. 
For setting clinch nuts in automotive body 
panels, door locks and other products . . . T-J 
rors Clinchors! For more work between grinds in 
coteloy 847 tough die steel—T-J Cutters! For accurate, 
= automatic control of presses, brakes, other ma- 
= chines and equipment... T-J Air Controls! To 
cut replacement costs in half ...T-J Reamers 
with interchangeable heads! 





| Get T-J all the way for tough jobs! Send for 

—— latest catalogs. The Tomkins-Johnson Co., 
1 a, Jackson, Mich. 

APN 

DIE SINKING , 


MILLING CUTTERS 
cotalog 4-153 


623 +OMKINS-JOHNSO 


wivitors AIR AND MYORAULIC CYLINDERS currer cromcwor 








. ++ for tough jobs 


REAMERS 
bulletin 153 


REMOTE CONTROLS 
catalog 645 
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constant-pressure pump requires 
different characteristics than the 
constant-speed, variable - strok« 
pump just described. In additior 
to controllability, efficiency and en 
durance are required at sustained 
high pressures for long periods ot 
time. A constant-pressure bal! 
pump must be operated at relative- 
ly high shaft-speed in order to dis- 
place a large amount of fluid in a 
given length of time, thereby re- 
ducing the quantity of leakage per- 
centage wise. The ball pump not 
only can achieve operation at high 
speeds, but it is at these speeds 
that it excels in performance. 


Constant Pressure Design 


A ball unit may be operated at 
ball surface speeds of 100 feet per 
second. In terms of shaft speed, 
small units delivering from 2 to 8 
gpm are operated at 10,000 to 20,- 
000 rpm. These units may be direct 
coupled to high speed electric mo- 
tors or turbines without the use of 
reduction gears. A constant pres- 
sure pump can easily be built with 
a power to dry weight ratio of 2 
hp per lb. Larger pumps deliver- 
ing 10 gpm and up must be oper- 
ated at proportionally slower 
speeds. The largest constant pres- 
sure pump presently contemplated 
will have an operating speed of 
7000 rpm delivering 35 gpm at 3000 
psi. 

The type of so-called constant 
pressure pump shown in Fig. 5 al- 
most delivers a constant pressure 
as shown by its pressure-flow dia- 
gram in Fig. 6. The secret of this 
characteristic lies in the servo con- 
trol which governs the output pres- 
sure. It consists of a small pro- 
portional control valve feeding the 
stroking pistons of the pump. Any 
change in demand is accompanied 
by a slight pressure change which 
in turn gives rise to a movement 
of the valve. Oi! flowing to the 
pistons changes the output of the 
pump until original pressure is re- 
established. This is an exception- 
ally fast control system allowing a 
minimum of overshoot and no 
steady state error in output pres- 
sure. This control permits opera- 
tion against unprotected shutoff 
valves without accumulators or 
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Dynafocal Engine Mountings 


ON THE NEW_ / DC 7 

















Safety . .. Speed . . . Comfort characterize the new’ 
Douglas DC 7, “the world’s fastest piston-powered 
commercial airliner”. Contributing to these factors, 
Lord MR43 Dynafocal Engine Mountings and 
Bonded-Rubber parts control vibration throughout 
the aircraft. 

Lord Bonded-Rubber parts will help to protect 
your product from the damaging effects of vibration 
and shock . . . improve its performance. We invite 
you to make good use of our experience. 





BURBANK, CALIFORNIA CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO 
233 South Third Street 520 N. Michigan Ave. 811 Kanna Building 
DALLAS, TEXAS DAYTON 2, OHIO 
313 Fidelity Union 410 West First Street 
Life Building 
DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK - PHILADELPHIA 7, PENNSYLVANIA 
311 Curtis Building 280 Madison Avenue 725 Widener Building 


LORD MANUFACTURING COMPANY °* ERIE, PA, 


hoo 
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j FROM WICKS 


TO WASHERS 

















Wicks that pull oil in — washers that keep dirt out — 
are two of many jobs done by Felters Felt, 
to keep equipment in good operating condition. 


Hard enough to be ground and chiseled, soft enough 
to buff a jewel — or any texture in between — each 
shipment of Felters Felt is uniformly controlled 

to exactly meet your specs. 


The “‘Felters Design Book”’ contains interesting 
information about severel grades of Felt and their 
uses. We will be glad to send you a copy. 

Write today. THE FELTERS CoO., 

218 South St., Boston 11, Mass. 


FELTERS FELT 








222 





FELT 


by FELTERS 
DOES THE JOB RIGHT 


FELTERS S.A.E. F-1 FELT 
is a grade suitable for oil reten- 
tion where the felt is not com- 
pressed, for feeding light oil, or 
where unusual strength and 
hardness are required. Often 
recommended for use in resist- 
ing wear and abrasion. 

This is one of many grades of 
Felters Felt produced for specific 
applications. 


... by the roll... by the yard 
++. Or cut exactly as you want it 


pen? S 
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flexible hoses in the system. 


Power to Weight Ratio: Ball pis- 
ton motors, like pumps, can run at 
high shaft speeds. They have a 
place, therefore, in high-speed spin- 
dle drives where their good power 
to weight ratio favors them. For 
example, small motors weighing 
about 3 pounds can develop peaks 
of 30 horsepower at 15,000 rpm. 
Slip in such a motor is inherently 
lower than that of a similar ball 
piston pump, and its efficiency is 
therefore good even at high speeds. 


Transmission Applications: One 
of the most promising applications 
of ball piston units is in the field 
of hydraulic transmissions. Here 
the shape of the radial piston pump 
or motor produces a compact pack- 
age and the complete radial sym- 
metry permits the use of the prin- 
ciple of the differential transmis- 
sion to best advantage. These 
transmissions take widely varying 
input speeds and deliver a constant 
output speed to drive an aircraft 
alternator, for example. This is 
accomplished in a stepless manner, 
since the transmission ratio is a 
function of the ratio of hydraulic 
displacements of the ball piston 
units involved. By varying one of 
these, speed can be adjusted con- 
tinuously. 

In a typical differential arrange- 
ment possible with the ball unit 
type of design, Fig. 7, the housing 
of the input unit is locked physi- 
cally to the cylinder block of the 
output unit. By varying the dis- 
placement of the output end, B, 
the relative speed between A and 
B changes. If the B-end displace- 
ment is large, the A-end pumps a 
large amount of oil through the B- 
end. However, the A-end can only 
pump by having some speed great- 
er than the B-end because A’s 
stroking ring rotates at B-end 
speed; therefore, a speed reduction 
is obtained. If the B-end displace- 
ment is set at zero, the A-end tries 
to pump but finds its outlet 
blocked; hence it must run at B- 
end speed. This condition provides 
straight through drive. Converse- 
ly when the B-end is stroked nega- 
tively, it takes on the function of 
the pump absorbing mechanical 
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NOW-HO 
i f om all over the world 
ert 38 voor lows into your plant 
it. rom PARKER 














Metallgesell- : 

schaft, A. G., } 

Germany 26 years 

Our cusfomers, through our international affiliations, 

net ong get.the benefits of world-wide research, experiment 
England 28 years and application. 

Satie For the best in surface treatments for metals, call on 


Continentale ' 
Parker, France 2 4 years Parker! 


120 years 


PARKER ius: proor company 


2193 E. Milwaukee Ave., Detroit 11, Michigan 
BONDERITE BONDERITE and BONDERLUBE PARCO COMPOUND PARCO LUBRITE 


corrosion resistant paint base aids in cold forming of metals rust resistant wear resistant for friction surfaces 





*Bonderite, Bonderlube, Parco, Parco Lubrite— Reg. U.S. Pat. Off. 
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GARLOCK Service-lested 


LEATHER 


PACKINGS 





Available in ALL SHAPES, ALL SIZES, 
ALL TANNAGES and ALL TREATMENTS 


GaRLOcK’s modern, completely equipped leather packing manufac- 
turing plant has the facilities to furnish all types of leather packings. 
This plant maintains the same high standards of materials, design, 
workmanship, and inspection that Garlock has upheld for the past 66 
years in the manufacture of mechanical packings. 


SHAPES 
Molded Cups “U" Packings 
"V" Packings Gaskets 
Flange or Hat Packings 


SIZES 


All sizes suitable for leather packing 
applications from 4%” O.D. (such as 
leather washers for needle valves) to 99” 
O.D. (such as large “U” packings for 
heavy duty hydraulic service). 


TANNAGES 


Oak Chrome BITAN* 
Garlock Bitan combines the heat and oil- 
resisting qualities of chrome with the fine 


Washers 
Discs 


grain, non-porous, strong qualities of oak. 


TREATMENTS 


Oil, grease, or wax treated (and com- 
binations of these impregnants)—in de- 
grees of hardness from extremely soft and 
flexible to very hard and rigid. 


Synthetic rubber impregnated — com- 
bines the high tensile strength of leather 
and elasticity of rubber, and gives greater 
temperature resistance. 


With fabric liners. 
Untreated—for certain low pressure 
water applications. 

Put your leather packing problems up 
to Garlock. Contact your Garlock repre- 
sentative or write for leather packing 
folder today. *Registered Trademark 


THE GARLOCK PACKING COMPANY, PALMYRA, NEW YORK 


Sales Offices and Warehouses: Baltimore 


¢ Birmingham. e Boston e Buffalo « Chicago 


Cincinnati « Cleveland « Denver ¢ Detroit « Houston ¢ Los Angeles « New Orleans « New 
York City ¢ Palmyra (N.Y¥.) ¢ Philadelphia « Pittsburgh ¢ Portland (Ore.) ¢ Salt Lake City 


San Francisco « St. Louis « Seattle ¢ Spokane « Tulsa. 


In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont. 


(JARLOCK 


a 


PACKINGS, GASKETS, OIL SEALS 


MECHANICAL SEALS 
RUBBER EXPANSION JOINTS 
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torque from the A-end and deliver- 
ing high-pressure oil to A while i' 
must actually run faster than th 
A-end; thus the unit is in “over- 
drive.” This type of differentia! 
transmission is similar to a plane 
tary gear-train with continuously; 
variable gear ratios. The “gea: 
ratios” here are the hydraulic dis 
placements of the two ball-piston 
units. 


Other Design Characteristics: 
Two forms of such differential 
transmissions have been built. The 
larger and earlier design employs 
two two-cycle units with eighteen 
pistons each. It is somewhat dif- 
ferent from the layout in Fig. 8, 
but operates on the same principle. 
It is rated at 85 hp output at 6000 
rpm and has an input speed vary- 
ing from 2500 to 8500 rpm. A 
smaller unit has been built which 
is rated at 15 hp at 4000 rpm out- 
put and will take input speeds be- 
tween 2000 and 8300 rpm. It uses 
a two-cycle, ball-piston unit and a 
single-cycle unit in an arrangement 
like Fig. 8. These differential 
transmissions are designed for 
some maximum input torque for 
all input speeds. Therefore, they 
are capable of high power-outputs 
at high input speeds. The ratings 
refer to the lowest input speed 
only. 

In addition to the advantages of 
low inertia, high speed, and small 
number of machined parts required 
in ball pumps and motors, it was 
found that these units will operate 
with fluid possessing a broad 
range of properties. Units de- 
signed to pump 51F21 or MIL-0- 
5606 fluids have also pumped kero- 
sene without any difference in wear 
characteristics. Industrial oils have 
been used in the same pump that 
ran on silicone fluids—those no- 
torious, low-lubricity compounds. 
Ball-piston pumps and motors have 
operated successfully over a tem- 


perature range extending from 
— 65 F to 250 F. 
These ball piston units have 


a bright future in high perform- 
ance hydraulic systems and should 
be given design consideration. 
From a paper entitled “Ball Pis- 
ton Pumps and Motors” presented 
at the National Conference on In- 
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WHAT YOU reRIG NOW is micuty important 


That moment when he hits . . . if you don’t set the hook hard and firm, you'll never see 
him in the boat. And this moment in business . . . now's the time to give yourself the 
competitive edge you're going to need, perhaps sooner than you think. @ Allegheny Metal 
can reduce costs, add strength, increase service life, improve appearance, cut weight, 
overcome rust. How many of those properties of stainless steel can you use to advantage, 
and how can we help vou to do so? Allegheny Ludlum Steel Corporation, Oliver Bidg., 


Pittsburgh 22, Pennsylvania. 





You can make it BETTER with 


Allegheny Metal 6&2! 


‘Aincess sTeé 
Wao a7ion Warehouse stocks carried by all Ryerson plants 
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to keep work revolving 





at correct speeds 






on Reed Turning Rolls 





Rotating tanks, cylinders and pipes weighing up to 2000 Ibs. for welding, 
painting or flame cutting, this Turning Roll, manufactured by Reed 
Engineering Company, is quickly adjustable to handle any diameter from 
3” to 6’ and any length from 12” to 12’. 


Powered by a 2 hp, 3-phase motor, a reversible Winsmith Worm Gear 
Speed Reducer, in conjunction with a variable speed drive, provides the 
uniform rotation needed here. Correct turning speeds are assured! 

On the basis of ruggedness, compactness and freedom from mainte- 
nance, Winsmith Speed Reducers are rated first by first-rating producers 
of numerous types of equipment. 


To fit your speed reduction requirements within the 1/100 to 85 hp 
range, in ratios of 1.1:1 to 50,000:1, the Winsmith line of fully standard- 
ized worm, helical and differential designs is most complete. For details, 
request Catalog 148. 


WINSMITH, INC. 
16 ELTON ST. 
Springville (Erie County), N. Y. 
wren a, 
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dustrial Hydraulics in Chicago, Iil., 
October, 1953. 


Electronic Data Processing 


By Ira H. Abbott 


National Advisory Committee for Aeronautics 


HEN the amount of data ob- 

tained in a research labora- 
tory was small, computational dif- 
ficulties were insignificant, com- 
pared with other work. As time 
passed data processing was han- 
dled by centralized computing 
groups, employing desk calcula- 
tors of various types. These 
methods are, however, too incon- 
venient, too slow and too costly 
for use in reducing to compre- 
hensible form the great amount of 
raw data that now flow from our 
laboratories. As an example of 
the magnitude of this job, one 
NACA laboratory measures more 
than 20,000 pressures on an av- 
erage day, in addition to a multi- 
tude of other types of measure- 
ments. 


Computation Machines: Coin- 
cidently with this growth of data 
from a trickle to a flood in the last 
decade, advances have been made 
in the development of fast elec- 
tronic digital computing machines 
with large capacities. The advent 
of these machines has appeared to 


‘promise a solution to the data 


processing problem by making pos- 
sible a completely automatic sys- 
tem. One can imagine a system in 
which the various measuring in- 
struments in a number of wind 
tunnels and other facilities of a 
laboratory are connected electric- 
ally with a central computing sta- 
tion in such a manner that all 
measurements would be automat- 
ically computed to final form and 
either tabulated or plotted for 
analysis and reporting. A question 
remains, however, as to whether 
such a system in a research lab- 
oratory is desirable. 

Large digital computing ma- 
chines are well suited to analyt- 
ical work where many mathemat- 
ical steps are mace with a limited 
amount of input data. Less at- 
tention has been given to new tech- 
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announcina THE NEW MAXITORQ 


A “DO-IT-YOURSELF”’ UNIT 
FOR BUILDING YOUR OWN CLUTCH 


Due to a growing demand for Maxitorq 
Floating Discs, we now introduce The 
MAXITORQ DISC-PAC ... a self- 
contained unit independent of the 
actuator. 


Patented Maxitorq Separator Springs 
that prevent drag, abrasion, and conse- 
quent heating in neutral... and the 
Maxitorq Locking Plate which locks all 
discs onto body . . . give you the out- 
standing features that are so highly 
favored by machine and product designers. 





Write Dept. MD-1 for full specifications and quotations. 





| nisc-PAC” 


Thus you may build your own clutch 
or brake from our standard stock Maxitorq 
parts. The Disc-Pac keys to your shaft 
and is easily replaced. Units are available 
in 8-disc diameters from 2” to 8”; 4 to 
15 h.p. at 100 r.p.m.. . 
the smallest size, 8 lugs on the 3 h.p., and 


. with 3 lugs on 


12 lugs on the 5, 10 and 15 h.p. capacities. 


The Disc-Pac fits Maxitorq standard 
Driving Rings in the event that you want 
to use them. As with the Maxitorq Clutch, 
all assembly, take-apart and adjustments 


are manual ... no tools required. 
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THE CARLYLE JOHNSON MACHINE COMPANY 


MANCHESTER - 


CONNECTICUT 















iain tisiaiiaciaiaiatati 
What do you 
know about the 
 Maly-sulfide 


LUBRICANT? 








You may have heard 
about a highly suc- 
cessful solid-film lu- 
bricant which is giv- 
ingremarkableresults 
in the shop and in 
the field. 


In one 40-page 
booklet we have col- 
lected 154 detailed 
case-histories de- 
scribing how difficult 
lubrication problems 
have been overcome 
by molybdenum sul- 
) fide. If you wish to be 
up to date about this 
solid-film lubricant, 
write for a free copy 
now. 


SM ARG EA ee Re A IR 


: 


THE LUBRICANT OF MANY USES 
’ 


Moly-sultide 


A LITTLE DOES A LOT 








Climax Molybdenum Company 








SEND FOR THIS FREE 
BOOKLET TODAY 
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niques in data handling than to 
the computational methods with 
the result that the machines are 
not as well suited to the task of 
processing masses of data requir- 
ing comparatively few mathemat- 
ical steps. 


Processing Methods: In consid- 
ering the desirability of a fully 
automatic system, several factors 
require attention. The first fac- 
tor is the high initial cost. It is 
estimated that such a system for 
a large laboratory would cost up 
to several million dollars. Under 
a realistic system of bookkeeping, 
the interest on this expenditure 
should be charged as an offset to 
the reduction of labor costs. The 
high cost would also make exten- 
sive duplication impractical, so 
that equipment failure would re- 
sult in expensive delays especial- 
ly since qualified maintenance per- 
sonnel would be difficult to obtain. 
Major changes in instrumentation 
would be required throughout the 
laboratory to assure compatibility 
between the measuring instru- 
ments and the computing machines 
and this additional factor would be 
imposed on the already difficult in- 
strument requirements. Flexibil- 
ity of operation and instrumenta- 
tion would be sacrificed. 

Such a system would require 
special development for each ap- 
plication, and would make only 
limited use of commercially ob- 
tainable major components. The 
ability to inspect, edit and control 
the quality of data at various 
steps in the procedure would be 
lost and the completely automatic 
process might hide or submerge im- 
portant research information. Fin- 
ally, unless the system became the 
master instead of the servant of 
the research worker, there would 
always be a non-negligible residue 
of data to be reduced by manual 
methods. 

Such consideration has led us 
to the conclusion that it is prefer- 
able to approach the problem in a 
more cautious manner, and to gain 
experience as we proceed. Much 
progress has been made in the 
NACA laboratories during the 
past year in the mechanization of 
data processing. Developments 


Millions of Contacts 


without Faltering 


PROVED 


rough, tough jobs 








Durakool pressurized all-steel 


mercury tilt switches have 
more than made good on 
what may have seemed like 
extravagant claims a few 
years ago. The list of Dura- 
kool successes grows each 
year. Seven sizes, | to 65 
amperes. 3 to 4 weeks 


delivery. Your production 


schedule is met. 






WITHSTANDS 
HIGH 
TEMPERATURES 





See telephone directory for local 
distributor or write 


DURAKOOL, INC., Elkhart, Indiana 
50 St. Clair Ave., W., Toronto 


Durakool 


ALL-STEEL MERCURY SWITCHES 
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The beaver’s building skill captures the imagination of 
engineers and naturalists alike. This industrious animal is 
undoubtedly the ‘“‘woodland’s greatest hydraulic engineer’ 
In constructing dams and lodges, he cuts down small trees, 
dragging them into the water. Stripped of bark, these sticks 
and poles are shoved endwise into the dam or lodge structure. 
Stones are pushed or carried to the site and wedged into 
place, while mud is scooped up from the pond bottom and 
placed in crevices much like mortar Beaver dams may be 
from 30 to 80 feet wide, and usually are strong enough to 
walk across. Lodges—often 20 feet in diameter—are built of 
interlocked sticks, stones and mud. This watertight con- 
struction may actually be the forerunner of modern reinforced 
concrete—another lesson man has learned from nature. 


































WOODLAND’S GREATEST HYDRAULIC ENGINEER 


Many products have design features requiring a hydraulic seal with special properties in addition 
to close tolerances and extreme uniformity. If yours is such a product, you’ll want to know more 
about injection molded Minnesota O-Rings. Available in numerous compounds of natural or 
synthetic rubber, Minnesota O-Rings have great tensile strength, extreme capacity for pressure, 
and high resistance to compression set, abrasion, and oil swelling. Check these examples of success- 
ful installations in air, gas, and hydraulic systems: dispensing mechanisms . . . hydraulic rams and 
valves . . . air cylinders . . . remote control mechanisms . . . spraying equipment . . . gasoline and 
steam engines . . . and water pumps. Minnesota O-Rings are the choice of industries leading engi- 
neers and product designers. For prompt analysis and quotation on your requirements, send us 
your blue prints or specifications. 





: Minnesota Rubber’s exclusive injection molding process 
produces O-Rings and other small rubber parts to meet 
extreme uniformity and tolerance requirements. . 

and at low average prices. Send for bulletin on injection 
molded Minnesota O-Rings. 














QRS MINNESOTA RUBBER & GASKET CO. 


3630 Wooddale Ave. * Minneapolis 16, Minn. © Phone WHittier 6511 






AFFILIATED WITH MINNESOTA SILICONE RUBBER CO. . OFFICES IN PRINCIPAL CITIES 
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SHOCK, VIBRATION and NOISE 


DATA? 


CATALOG 523-A. Air- 
damped Barrymounts 
for shock and vibration 
protection of military 
airborne equipment. 


BULLETIN 532. Vibra- 
tion isolator Type 915, 
for isolating vibration 
and noise caused by 
high-speed motors or 
motor-driven equip- 
ment. 


BULLETIN 533. Me- 
dium-impact shock ma- 
chine Type 150-400 
VD, for qualification 
and acceptance shock 
tests up to 77g. 


BULLETIN 534. Series 
M44 ALE-METL vibra- 
tion isolators and Series 
TOMA mounting bases, 
for military airborne 
equipment under ex- 
treme operating condi- 
tions. 


BULLETIN 535. Com- 
ponent shock machine 
Type 20 VI, for quali- 
fication and acceptance 
shock tests up to 210g. 


DO YOU WANT 


Complete. 





“LOOK — NO LAGGING!" 
Increasing profits through the 
use of the new Leveling Barry- 
mount for industrial machinery. 







BULLETIN 536. Series 
M64 ALL-METL vibra- 
tion isolators and Series 
AOMA and NOMA 
mounting bases, for mil- 
itary airborne equip- 
ment under extreme 
operating conditions. 
BULLETIN 537. Series 
262/633 vibration iso- 
lators, for isolating vi- 
bration and noise caused 
by medium-speed mo- 
tors or motor-driven 
machinery. 


BULLETIN 538. Series 
670/297 shock and vi- 
bration isolators, for iso- 
lating shock caused by 
impact-type machines, 
and vibration and noise 
caused by heavy rotating 
Or reciprocating 
machines. 


Here are complete engineering data, application information, and pointers 
to profits in every field of shock and vibration isolation. Write TODAY 
for your free copies of the ones you need. 


THE & A ae & y CORP. 


722 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 


SALES REPRESENTATIVES IN 


Atianto Beltimere Chicago Clevelond Dalles Doyton Detroit Los Angeles Minseapolis New York 
Philadelphia Phoenix Rochester St. Lowis Son Francisco Seattle Toronto Washington 
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have been along two lines, both of 
which tend to lead, by divergent 
routes, to more fully automatic 
systems. 

First, semiautomatic methods of 
processing data have been intro- 
duced that are flexible in the sense 
that all kinds of data can be han 
dled regardless of the source, type 
of data, or method of measure- 
ment. 

Secondly, fully or nearly fully, 
automatic methods have been de- 
veloped for processing or partly 
processing specific types of meas- 
urements that are made in large 
numbers in a standardized man- 
ner. 


Semiautomatic Processing: The 
Langley Laboratory is now proc- 
essing data at the rate of 3,000,- 
000 points per year and is em- 
ploying the semiautomatic method. 
This data processing section is 
gradually replacing manual com- 
puting, and is capable of handling 
data from all activities, such as 
wind tunnels, flight research on 
airplanes, and flight research on 
rocket-propelled models. The raw 
data, together with instructions 
for processing, come to the group 
in various forms including man- 
ually prepared data sheets, print- 
ed tapes, and traces on film from 
various types of instruments. In 
normal operation, the data are 
completely processed and returned 
to the originating research unit 
within 24 hours. In special cases, 
arrangements are made for more 
rapid processing. For instance, a 
messenger may deliver a batch of 
raw data every 2 hours, and pick 
up the processed data delivered on 
the previous trip. 

Regardless of the form in which 
the data are received, all informa- 
tion is transferred to punched 
cards. In the case of data sheets, 
etc., this operation is . performed 
by an operator using a standard 
cardpunching machine. If auto- 
matically punched cards are re- 
ceived, any additional information 
needed for the processing is added 
by the card-punch machine. When 
the information is received on film, 
extensive use is made of film-read- 
ing equipment that prepares the 
cards directly from the photo- 
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rare slacking rns replace thre 
Save 6¢ per unit, speed assembly by 










Screw-Fastened Plug 
Method 


Friction-drag must be uni- 
form inthe plunger assembly 
of this fire-extinguisher 
nozzle, But the felt seals 
vary greatly in condition — 
bringing large variations in 
drag, compensated for only 
by careful, slow assembly. 


This design died on the 


Waldes Truarc Method 


9 2 Waldes Truarc rings (series 


5005) easily positioned 
against washer that abuts on 
seal, keep drag on plunger 
uniform, Drag can be care- 
fully controlled by varying 
position of rings. Proper 
pressure secured in speedy 
assembly. Rings need no 








es 














drawing board, 


Sots GR pate oes CNG 


Ansul Chemical Company’s new 
watertight precision nozzle for their 
dry chemical fire extinguisher replaces 
conventional stainless steel plug with 
two Waldes Truarc Self-Locking Re- 
taining Rings and washer, Rings hold 
entire nozzle packing securely in 
place — keep friction drag of plunger 
uniform. Adjustable in final assembly, 
Truarc rings speed production from 25 
to 60 units per hour. They save 6¢ per 
unit in overall costs, 4" in length. 
Redesign with Waldes Truarc Rings 
and you, too, will save on assembly, 


time, improve product performance, 
facilitate easier servicing of whatever 
you make. 

Wherever you use machined shoul- 
ders, bolts, snap rings, cotter pins, 
there’s a Waldes Truarc Retaining Ring 
designed to do a better job of holding 
parts together. They‘re precision-engi- 
neered... quick and easy to assemble 
and disassemble. They give a never- 
failing grip. Find out what Truarc Rings 
can do for you. Send your blueprints 
to Waldes Truarc engineers for indi- 
vidual attention, without obligation. 


grooves. 





WALDES TRUARC RINGS MADE 
THESE SAVINGS POSSIBLE— 


Discarded Design Truare Design 





Parts: Cost Per Unit | Parts: Cost Per Unit 
threaded 2 rings .......... $0.0146 
stainless 


steel plug.....$0.0675 
Direct Labor $0.0350 | 1 washer........$0.0280 
$0.1025 | $0.0426 


Total savings per unit 
with Truare Rings $.0599 


For precision internal grooving and undercutting . .. Waldes Truarc Internal Grooving Tool. 





\ SEND FOR NEW CATALOG > 


| oetiaeentiamediionmetiameeiaemetienmetiaetinond teeta itanetiametiamntbenesiemst=iametimmsdinentaaan 








\ y 
XX y, WALDES 











REG.U. S&S. PAT. OFF 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING 
U.S. PATENTS: 2.382.947; 2.382.948; 2.416.652: 2.420.921; 2.428.341; 2.439.785; 2.441.846; 2,455,165; 
2,483,360: 2.483.383; 2.487.802; 2.487.803; 2,491,306; 2.509.081 AND OTHER PATENTS PENDING. 
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Waldes Kohinoor, Inc., 47-16 Austel Place, L. I. C. 1, N. Y. : 


Please send me the new Waldes Truarc Retaining Ring | 


























catalog. MD O1€ | 
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| Hundreds of the country’s leading 

manufacturers of ranges, washing 

_ machines and similar appliances 

have standardized on 2000"... 

because no other bell timer gives 

such rugged dependability at so 
little costl : 


"2000" is perfect for any device 
or appliance where a clear, reso- 
nant bell signal is required at the 
end of a pre-set, measured time 
interval. 


Durability is built into 2000" 
. . . its simple, trouble-proof oper- 
ation has earned its outstanding 
popularity. 







Available with a wide variety 
of modern dials and knobs. Write 
today for full details and prices. 










SPECIFICATIONS 


Standard timing ranges from 60 seconds to 5 
hours. Normally supplied with center stud 
mounting. Other mountings available on 
request. May be supplied with winding shafts 
of various types. 












Manulactured and sold in Canada by (fj % 
SPERRY GYROSCOPE OTTAWA, Limited y\ 
3 Hamilton St, Ottawa, Ontario, Canada = [MARK-T IME 


M. H. RHODES, INC. 


HARTFORD, CONNECTICUT 
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graphic records. With this equip- 
ment one person can prepare from 
3000 to 6000 cards per day. Cards 
are then processed in calculating 
machines, and the data are tabu- 
lated in forms desired. 

An increasing proportion of the 
data obtained is processed in this 
manner, and it is believed that th‘s 
system is more economical than 
either manual or currently avail- 
able high capacity computing ma- 
chines. Personnel requirements 
and costs of the semiautomatic 
method for the past year were 
compared with manual methods us- 
ing desk calculators. It was noted 
that personnel requirements were 
less than one-fourth of that re- 
quired for manual operation, and 
cost was slightly more than one- 
half. Cost figures included ma- 
chine rentals and depreciation of 
owned equipment. These figures 
were averages for the first year of 
operation, and some recent months 
have shown substantially larger 
savings. 

Advantages of the semiautomat- 
ic system may be summarized as 
follows: 


1. Substantial 
are realized. 

2. Data are available for analysis 
sooner than by manual methods 
resulting in more efficient use 
of research facilities and per- 
sonnel. 

3. System maintains the ability to 
inspect, edit, and control quality 
of data at various steps in proc- 
ess. 

4. System is economical. 

5. Equipment is commercially avail- 
able at reasonable cost. 

6. System is flexible and is easily 
adapted to various jobs and to 
continually changing instrumen- 
tation and testing techniques. 


manpower savings 


Automatic Processing: More 
fully automatic equipment was de- 
veloped for a specific purpose at 
Lewis Laboratory. A digital au- 
tomatic, multiple-point, pressure- 
recording system was installed to 
process several million pressure 
readings taken there each year. 
Some of the basic considerations 
in the development of the system 
were the following: 


1. High accuracy and wide range 
were necessary for measure- 


Here are the 


| Spares in 30 seconds. 


























Take the curse off 
“The Little Black Box!” 






Bold New Standards: 


° @ 


| Circuitry subdivided, 
function by function 
into plug-in units. 








Tiny telitales spot trou- 
ble instantly. 





All leads brought to 
single accessible point 
of check—all numbered, 
color-coded—so layman 
can make first-level 
tests. 





Plug in replacement 


Now made possible by 
Alden Standards, like this— 


| Unitize your circuitry in compact ver- 
tical planes using Alden Terminal Card 
Mounting System. 








YOUR COMPLETED CIRCUITS 
FOR PLUG-IN PACKAGE 
OR CHASSIS 
To mount this vertical circuitry, ALDEN 
PLUG-IN PACKAGES AND BASIC 
CHASSIS give tremendous variety with 








standard components. ‘ 

ALDEN 

PLUG-IN ALDEN 

PACKAGE _BASIC 
CHASSIS 
2°. 4°. 8" , 

“= ai?’ wid © 

& 20-PIN 


Assign to each unit ALDEN SENSING 
ELEMENTS — to spot trouble instantly: 


| oe ee gy BF SRE 


4 Give chassis easily traceable inter- 
connects and 30-second replacement 
with ALDEN SERVE-A-UNIT KIT. 

(1) Alden Back Con- 
nectors make and 
break the electronic 
connections on plugin 
chassis. (2) Bullet- 
nose Alden Serve-A- 
Unit Locks pilot, draw 
in, lock and eject 
chassis. 





ALDEN BACK 
CONNECTORS 


ALDEN’S COMPLETE LINE OF COMPONENTS 
makes it easy to design and build all sorts of 
equipment to Plug-in Unit Standards assuri 
your users ILITY IN SERVICE. 
immediately for 

FREE 260-P. 
“ALDEN HANDBOOK” 
CN 
Se) HL_pen Paooucts Lo. 


NG oly, 







1149 N. Main St., Brockton 64, Mass. 
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True Running 
in ANY position 


‘ VERTICAL — HORIZONTAL — TILTED 
—OR OVERHUNG APPLICATIONS 





NO ROLLER SKEWING — Orange Cage Design 
assures permanent alignment of rollers 





w tange Cage Type Needle Bearings have brought the space- 

saving, high-load features of needle bearings to many appli- 
cations hitherto unsuited for conventional types. Not only are 
they true running in any position, but are successful on relatively 
high-speed applications and less affected by misaligned mountings 
or uneven loading. 





WES a i E28 f "ee 
Lint” te . anne v's aie ; ee 
RES nuh dans Yo 4 Yo rate. nes In the Orange cage design, square end rollers are held in align- 
rhe Seiti0 bois egs who ment by pockets of a free-floating, land-riding cage of anti- 
| imMecc. friction, non-ferrous metal. Cage merely guides—does not wear on 

- ea a rollers. Operation is exceptionally smooth and quiet, with long, 

Re AE Sader LS teete. he RE Lee trouble-free life. 







Stock sizes from 42” to 8” shaft diameters, fully interchangeable 
4 with standard heavy-duty needle bearings. Write for Engineering 
* Data Book. 
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Positive, split-second stopping | 


SMOOTH, NO-DRAG STARTING 
FAST, NON-PLUGGING REVERSING 


OP! 


You get them all when you specify 


Star-Kimble Brakemotors 


NOTE THE EXTRA-LARGE BRAKELINING AREA—discs machined on 
both sides to give full, positive contact—that brings a Star-Kimble 
Brakemotor and its connected load to the same sure fraction-of-a-second 
stop through millions of operations. 


NOTE THE SMALL AIR GAP between electromagnets and brake arma- 
ture disc. It assures quick brake release—allows the load to start freely 
when the motor is energized. 


COMPARE THE REVERSING CYCLE of a Star-Kimble Brakemotor and a 
motor reversed by conventional plugging. Typical figures on maximum 
starts per minute for a 5 hp motor: with plug stops, three; with the 
Star-Kimble way, ten! 


REMEMBER a Star-Kimble Brakemotor is a compact, integral unit, with a 
short sturdy shaft that’s common to motor and brake. Saves space — saves 
bearing and brakelining wear. One manufacturer —one- responsibility. 


For information on design and service features, 
write for Bulletin B-501-A 










MOTOR DIVISION OF 
HLE PRINTING PRESS AND MFG. CO. 


201 Bloomfield Avenue Bloomfield, New Jersey 


START 
ART STOP! | 


AR-KIMBLE 
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ments of pressures on engines 
corresponding to operation at al- 
titudes between sea level and 
over 50,000 feet. Readings ac- 
curate to within 1/2000 of th 
full range of the instrument 
were desired. It was felt that 
this accuracy could be obtained 
most easily through digital 
methods. 

2. Equipment associated with each 
individual pressure had to be 
simple and inexpensive; mores 
complicated measuring equip- 
ment should serve 100 or more 
pressures. 

3. Equipment should feed into com- 
mercially available punched-card 
calculators that could perform 
long and complicated computa- 
tional routines. 


In this system, pressures are meas- 
ured by comparing them to an ac- 
curately measured variable refer- 
ence pressure. 

The machine was completely au- 
tomatic in operation with alarms 
and signals in case of malfunc- 
tions. Symbols were punched into 
tape if a reading was to be disre- 
garded because of instrument 
trouble. A complete cycle took 
about 2 % minutes; however, it 
was only necessary to hold test 
conditions constant during 10 
seconds of pressure-scanning. 
After this, the test engineers could 
proceed to establish the next test 
condition as the read-out opera- 
tion proceeded. 


Data Plotting 


To complete the data reduction 


|» process, it is necessary to plot the 


computed result in various ways 
for analysis. Prior to the use of 
semiautomatic methods for reduc- 
ing data, it is estimated that one- 
fourth to one-third of the proc- 
essing time was spent in plotting 
results. Now that machine meth- 
ods are used, plotting requires an 
even greater portion of the total 
time. It is apparent that machine 
methods of curve plotting would 
be a great aid in further reducing 
the delay between test and analy- 
sis of results. 

From Advisory Group for Aero- 
nautical Research and Develop- 
ment Memorandum, “Methods Used 
by NACA for Data Reduction”, 
presented at Rome AGARD Con- 
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17 helpful sections, including: 


® Designing flanges for efficient sealing 
® Sealing with confined resilient gaskets 
® Designing gaskets to reduce costs 

®@ Effect of gasket width on compression 


® Relation of gasket thickness to load 





® Design problems peculiar to rubber gaskets 


— 


® Effect of surface conditions on gaskets 


ARMSTRONG’S 
GASKET MATERIALS 


ae ee 


| 
| 


| 
; 
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Name 


Company 


Address 


What Armstrong materials meet 
SAE-ASTM gasket specifications ? 





FREE FOR YOUR FILES 


When you want to know what gasket materials 
meet SAE-ASTM specifications, or have questions 
on gasket design, you can find helpful data in the 
24-page booklet, “Armstrong's Gasket Materials.” 
Newly revised for 1954, Armstrong’s manual con- 
tains information vital to anyone concerned with 
gaskets or their design . . 
various types of gasket materials as well as im- 
portant suggestions on gasket, flange and joint 


design. See 


product design file. For your 
personal copy, send the cou- 


pon below. 


Armstrong Cork Co., Industrial Div., 
7101 Dean Street, Lancaster, Penna. 


Please send me your new 24-page gasket manual. 





—— 


. includes details on the 
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| ference, December 1952. 


Tracer Controls 
for Machine Tools 


By George L. Rogers 
Specialty Confrol Dept. 
and John L. Dutcher 
Industrial Engineering Sec. 
General Electric Co. 


ctady, N. y 


them first 
‘ tures make 
struction = ment b 


Your best in N ACCURATE, high-perform- 
leading poner a" costly shut- : ; ance, tracer control system 
surance 06 Poa cannot be treated as a machine 
tool attachment. For satisfactory 
results, it must be designed into 
the machine, with numerous fea- 
tures being added or changed to 
allow the tracer to perform at its 
best and to make the setup and 
operation of the machine practical 
from the operator’s viewpoint. 

A tracer-controlled machine is 
different from the usual machine 
tool in two basic respects. First, it 
is operated in a different manner 
and therefore various operating 
features are required which are 
not needed on standard machines. 
Provisions for efficient set-up of 
tracing head, template, and work 
must be made so that the time 
saved in machining is not lost dur- 
ing set-up operations. 

Secondly, a different concept of 
mechanical design is required. Ma- 
chine deficiencies such as vibra- 
tion, stickiness, and backlash pro- 
| duce different effects when a ma- 
chine is tracer-controlled than 
they do when it is under the con- 
trol of an operator. While the 
tracer can compensate for these 
| deficiencies under many conditions. 
it may tend to exaggerate thei: 
effects under others. Since th 
tracer-controlled machine is aske:! 
to cut all shapes including map 
that would not otherwise be a 
tempted, the correct set of ope: 
ating conditions to make any « 

ailable in size: up to 1 Sete these faults evident will be a’ 

henGameter.Wespeda- —__ tained sooner or later. 
tse in terefelin ' 





Types of Tracer Systems: Ther: 
are a number of basic types o 
= : tracer systems. Single-dimensio! 
PP res apg ete tracers normally used on lathes 
are the most common. Two-dimen- 


Sales Representatives Principal Cities 
; ia i at I Te Ee Te OTE sion tracers are used on milling 
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~-| Get Sharper Photocopies 


P..... notations, colored inks, stenciled or spirit-process 
duplicated matter — anything on the original will reproduce 
clearly in a DRI-STAT photocopy. Halftones come through 
clean, not muddied. Areas printed in color will reproduce in 
black-and-white without losing detail. Even originals on 
colored stock make clear DRI-STAT copies. 


DRI-STAT papers — the result of many months of Peerless 
research — possess greater latitude of response, can copy a 
much wider range of original matter. Careful balancing of 
the emulsions on DRI-STAT papers with the chemicals in the 
E processing solution gives you a print with good blacks and 
clear whites in sharp contrast— often better than the original. 


Why Retype, Retrace, or Rewrite it? DRI-STAT it 


Anyone in your office can quickly master the technique of 
making DRI-STAT copies. No extra help with special training 
is needed. No darkroom is needed. 


Convenient, Compact, Fast 


DI-STAT equipment can be used right in the departments 
that need photocopies. The originals never leave your posses- 
sion. Copies are ready in less than one minute. Units plug 
into any 110-volt a-c. current. 


Clip or staple to your business card or letterhead > 
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of ANY Original 


in less than one minute 









with the 

NEW Peerless 
DRI-STAT 
Process 




























A Tested, High Quality Product 


DRI-STAT papers are manufactured by Peerless Photo 
Products, Inc., well known for its high quality photocopying 
materials and particularly for dependable batch-to-batch 
uniformity. DRI-STAT is sold only through factory-trained 
Peerless distributors, well qualified to give you professional 
counsel on modern reproduction methods. 


Ask for a Demonstration 


Try DRI-STAT papers and machines on your own work. For 
a demonstration, call or write your nearest Peerless distrib- 
utor. If you’re not sure of his name, clip and mail the coupon 
and we'll put you in touch with him. 


DRI-STAT Division 
PEERLESS PHOTO PRODUCTS, Inc. 
Shoreham, Long Island, New York 


7 
| 
| 
l | 
| | 
| C) I'd like to see.a demonstration | 
7 of DRI-STAT on my work. | 
| TAT (] Please send me your free | 
| 
| | 
| 

| 

| 


brochure on DRI-STAT 
papers and machines. 
















































TELEFLEX 


MECHANICAL REMOTE CONTROLS 


Unlimited Rotary Motion— Meshing of 
Teleflex screw-type Cable with specially 
hobbed gears housed in Teleflex Control 
Boxes permits unlimited shaft rotation. 


Efficiency—The unique construction of 
Teleflex Cable provides control systems 
that operate efficiently in both tension 
and compression. 


Minimum Lost Motion—Close toler- 
ances held between Teleflex Conduit and 
the Cable reduce snaking of the cable 
within the conduit. 


Flexibility—Telefiex conduit and cable 
can be routed around obstructions and 
through areas where space is limited. 


Ease Of Installation—Telefiex Controls 
are assembled on-the-job from standard 
Teleflex parts. Prefabricated controls are 
available for short run controls. 


Engineering data for calculating operat- 
ing loads and backlash is available upon 
request. 


Write now for our latest brochure 302D 


TELEFLEX INCORPORATED 


125 So. Main Street No. Wales, Pa. 
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a YZ COASAOW 
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> 
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4429 


Sivom STEEL BALL CO. 


Largest Independent and Exclusive Metal Ball Manufacturer 
$O. S4th AVE., CICERO $0, ILLINOIS 
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machines for profiling work and 
also on vertical boring mills. Se- 
lective two-dimension tracers, 
which are employed for die sink- 
ing or similar machining opera- 
tions, provide tracing in any one 
of the three principal planes of 
the machine with the selection of 
the operating plane being made 
by simple switching methods. Si- 
multaneous three-dimension trac- 
ing may be accomplished by com- 
bining a two-dimension and a 
single-dimension tracer and using 
either two tracing heads and two 
templates or a single combined 
tracing head with one three-dimen- 
sional template. 

All tracers whether they be hy- 
draulic, pneumatic, mechanical or 
electric, are made up of essential- 
ly the same parts in one form or 
another. Each tracer includes a 
sensing element which feels the 
surface of the template and pro- 
vides a form of intelligence to the 
tracer. It includes amplifying ele- 
ments which amplify and generally 
modify this intelligence to make 
it useful in controlling drive ele- 
ments which power the machine 
feeds. Also a real part of the trac- 
er system is the mechanical gear- 
ing or linkages which transmit 
power from the drive elements to 
the linear motion of the machine 
feeds. Generally one form or an- 
other of stabilizing means will be 
used to damp out oscillations or 
overcorrections which may tend to 
creep into the system. 


Tracer Deficiencies 


Many deficiencies exist in tracer 
systems and machine tools which 
introduce errors. These may be 
broken down into three types: 


1. Resolution errors due to sma!! 
imperfections in the electrical ©: 
mechanical system for which th 
tracer must compensate. Thi: 
compensation requires a chang 
in stylus deflection and cons: 
quently results in an error. 

2. Errors on corners or shar! 
curves due to the inability © 
the feed motor to change spe¢ 
instantly. 

3. Errors caused by machine im 
perfections which are outside th 
tracer control loop and therefor: 
cannot be compensated for 0: 
which upset the tracer systen 
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PROBLEM: TO MEET JIC SPECIFICATIONS 











FEDERAL NEMA XII 
COMBINATION STARTER 


IN A SINGLE ENCLOSURE Federal Noark 
Type K Starters combine the time-proved Noark 
Bulletin 504 Magnetic Motor Starter with the 
famous Noark Type A front-operated disconnect 
switch and meet every specification set up by the 
Joint Industry Conference in the bargain. 


straps, no knockouts and the neoprene-gasketed 
flat cover keep dirt, dust, oil and coolants out of 
the interior. The enclosure’s only opening is at the 
handle where a special boss and gasket exclude 
any foreign matter. 


Relays must be reset internally thus bringing 


overloads to the attention of responsible per- 
sonnel. For safety, the switch may be locked 
in “off” position with as many as three pad- l 
locks and door may be padlocked separately. /- 


The enclosures are seam-welded sheet steel 
designed specifically to meet the requirements of 
industrial equipment in the automotive and simi- 
lar mass-production industries. External mounting 

















Investigate the greater safety and convenience of Noark JIC Combination Motor Starters. Write 
for Bulletin 514-515. Federal Electric Products Company, 50 Paris Street, Newark 5, New Jersey 








Federal Noark products: Stab-lok Circuit Breakers, 
Motor Controls, Safety Switches, Service Equipment, Indus- 
trial Circuit Breakers, Panelboards, Switchboards, Control 
Centers, Bus Duct — Pacific Electric Manufacturing 
Corporation products: — voltage circuit breakers and 
power switches % Sales offices in principal cities. 


FEDERAL 
NOARK’ 


Ww 








MACHINE DESIGN—January 1954 











SPECIAL METHODS PRODUCE 
SMALL QUANTITIES AT 
MINIMUM COST. . 


When you need just a few pieces — 
when you’re still in the experimental 
stage—then an economical, cooper- 
ative source of parts is important. 


Our Machine-Cut Method avoids 
custom die costs completely by use 
of special machinery, which skill- 
fully fashions pilot quantities. 


Careful calculation determines the 
point at which labor costs warrant 
our Short Run Method, which uses 
simple contour dies and special pur- 
pose presses. 


Best of all, when you get into large 
quantities on the experimental part, 
our STAMPINGS DIVISION is still 
your most economical producer, 
using our Production Method. Thus 
all three methods are at your dis- 
posal. And impartial choice of 
method saves money for you! 


SEND FOR INFORMATIVE LITERATURE 


SLAW PINGS 
HIVISIOH 








1201 Union Street, Glenbrook, Conn. 
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and cause transient errors. 


Everything possible is done to 
the electric system to compensate 
for both its own deficiencies and 
those of the machine. However, 
since compensation can never be 
complete, it is essential that ma- 
chine deficiencies be eliminated or 
reduced to the absolute minimum. 
These deficiencies are: 


1. Backlash in the feed drive 

2. Windup in the various parts of 
the feed drive system 

3. Stickiness of the machine ways 

4. Vibration 

5. Deflection of the machine mem- 
bers 

6. Misalignment of the 
head. 


tracing 


Backlash: Two principal places 
where backlash occurs in large 
amounts are between the lead 
screw and the nut, and in endplay 
of the leadscrew. The usual result 
of an attempt to reduce the play 
between the screw and nut by 
tightening double, split, or other 
adjustable nuts is to bind up the 
drive at some point on the screw 
while it runs freely at another. 
This condition can be improved 
by increased precision in the ma- 
chining of the screw and nut. The 
ultimate may be the use of a bail 
bearing nut which can be pre- 
loaded heavily without binding. 

Backlash introduced by endplay 
in the leadscrew or nut, whichever 
is the rotating element, can be re- 
duced to a small value by good 
preloaded bearing techniques. Ball 
and roller thrust bearings can be 
adjusted to essentially zero end- 


play. 


Windup: Elastic deformation of 
machine elements caused by the 
forces required to drive the ma- 
chine motions produces windings. 
It may stem from twist of screws 
and shafts or deflection of their 
supports. It is characterized by a 
spring effect and may be mini- 
mized by the use of closely-cou- 
pled, sturdy parts, and by reduc- 
ing friction opposing movements 
of the machine members. 


Stickiness: Variation in the fric- 
tion between sliding surfaces 
causes stickiness. It results most- 


Ball-Disc Integrator 


A small size precision integrating 
mechanism, the Ball-Disc Integra- 
tor. Used for totalizing, rate deter- 
mination, differential analyzing, 
closed loop mechanical servo-ele- 
ment, and may be applied as a pre- 
cision variable speed drive or other 
applications. High performance and 
long life are assured by the use of 
super-finished balls and tungsten 
carbide disc. Size: Width 1%”, 
Length 2%”, Height 34”, Wt. 21 oz. 


—_ 


design simplicity 
in 

computer components 
by 


For information on these 
or other computing- 
controlling devices, write. 


LIBRASCOPE, INC. 


Analog and Digital Computers, 
Input-Output Devices and Components 





| 1607 FLOWER STREET, GLENDALE, CALIF 
| 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATIC 
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ly from the difference between the 
force required to initiate motion 
and that required to maintain mo- 
tion. It is affected by the nature 
of the sliding surfaces and the 
lubricant used. Good, smooth bear- 
ing surfaces lubricated with spe- 
cial high-pressure oils help tre- 
mendously. For any given machine 
design, considerable study may be 
required before stickiness is elimi- 
nated. 


Vibration: In machine tools us- 
ing tracer control, vibration breaks 
down into two problems—its re- 
duction and prevention of its 
transmittal to the tracer head and 
template. Improvement in geared 
drives and increased rigidity of 
machine parts will help reduce vi- 
bration. Rigid mountings for the 
tracer head and template will help 
eliminate vibration amplification 
by these parts. 


Deflections: Machine deflections 
can be reduced by increased rigid- 
ity. Their effects can be decreased 
by good tool-tracer, work-template 
arrangements. For an example of 
the latter, if the arrangement of 
the tool-tracer combinations is 
such that a deflection moves the 
tool in one direction and the trac- 
er in the opposite direction (not 
usual), the deflection effect is mul- 
tiplied by a sizeable factor. 


Alignment: The aspect of ma- 
chine alignment is not generally a 
serious problem because it is im- 
portant in the design of the ma- 
chine tool whether a tracer is em- 
ployed or not. 


Tracer Control Performance: 
Machine tools with tracer control 
have performance characteristics 
closely related to the machine con- 
dition and the feed speeds involved. 
At higher speed the adverse ef- 
fiets of the deficiencies in control 
and machine are much more pro- 
ncunced. However, tolerances and 
finish requirements are also gen- 
erally relaxed. At lower feed 
Speeds where requirements are 
usually most stringent, operation 
improves until at extremely low 
fe-d rates the effects of inherent 
machine and control deficiencies 
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LAMINATED SHIMS 


SIMPLY WS. FOR ADJUSTMENT 





Shims stamped from brass or steel 
LAMINUM® look and act like solid metal 
but they peel off in .002” (or .003”) layers. 


tk tome 


@ 4 == No counting 
“Ta c=} -_ No stacking 


ne Provide great ac- 
_e  €yracy yet allow 
; easy machining 


tolerances 
Speed production 


ke 
x 
Lae 
\ 
by simplifying 
78 your spacing ad- 
‘ justments 
Reduce lathe time; 
no standby ma- 
: chine required dur- 
ing assembly 















No miking 





Precision cut to 
Sa your exact specifi- 
= cations, with care- 
= ful quality control 


Adjustments right 
at the job by peel- 
ing laminations 
with a penknife 


URGENT! Save production time! Shims are more important now than ever! 
SEND TODAY for our Engineering Data File 





© LAMINATED oO 


— 


Ch 


<S 


O COMPANY, INC. O 























1201 UNION STREET * GLENBROOK, CONNECTICUT , 
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py Yom “REMAINS RESILIENT ~ 


at 
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go* 

















With new compounds being developed almost weekly by manufac- 
turers of basic polymers, today’s Silicone rubber molded parts are 


performing faultlessly in vital applications where Silicone of less than 
@ year ago could not be considered. 





Remaining resilient at extreme temperatures (~100°F to +500F°) 
today's Silicone stocks have greatly increased tensile strength, far better 
compression set results, and other vastly improved properties such as — 
excellent stability after long exposure to ultra-violet rays, prolonged 
weathering, fungus growth, many oils and a variety of chemicals. They 
also have excellent dielectic properties and water repellency. They 


bond well to metal, and are stainless and odorless. 


Acushnet's Silicone rubber seals, gaskets, “O" rings, packings, dia: 


phragms and numerous other parts are custom engineered to meet the 


toughest specifications. 


Send for the Acushnet Rubber Handbook, 
© comprehensive rubber data reference. 


PROCESS COMPANY 


a 





Address all communications to 762 Belleville Ave., New Bedford, Mass. 
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essentially disappear. 

HIGH SPEED MILLING: At the up- 
per extreme of the range of trac- 
ing feed speeds which have beea 
observed, a small milling machine 
is capable of machining at feed 
rates up to 100 inches per minute. 
This machine has a backlash of 
0.007-inch, little windup, and prac- 
tically no stickiness. At 100 inches 
per minute the machine will follow 
shapes having curvatures of one 
inch radius with an accuracy of 
plus or minus 0.015-inch. The lim- 
‘ting factor under these conditions 
is the machine backlash. 

At lower feed speeds, perform- 
ance on the same machine im- 
proves until at 0.5-inch per minute 
the accuracy is plus or minus 
0.015-inch. The limiting factor un- 
der these conditions is the machine 
backlash. 

At lower feed speeds, perform- 
ance on the same machine im- 
proves until at 0.5-inch per min- 
ute the accuracy is plus or minus 
0.005-inch over an almost unlimit- 
ed series of template shapes. Back- 
lash again is the limiting factor. 

Low SPEED TURNING: At the ex- 
treme low end of the range of feed 
speeds are the large boring mills 
used for difficult machining of ma- 
terials such as stainless steel. The 
performance of several of these 
machines has been observed on 
production work. 


Surface Finishes 


One such machine, which was 
employed to turn a ball surface 
approximately 36 inches in diam- 
eter with an interrupted cut, was 
operated at a feed speed of 0.125- 
inch per minute. On a cut of about 
8 inches which required more than 
an hour to complete, the finished 
surface was essentially polished 
with a slight mark where one mo- 
tion reversed through the 0.015- 
inch backlash of the machine. This 
mark, as nearly as it could be 
measured was 0.0005-inch and con- 
sisted entirely of excess material. 

Another series of machines turn- 
ing jet engine rotors have consist- 
ently been producing finishes o! 
50 microinches RMS on gentl: 
compound curves. Small backlas! 
marks are evident but not ob 
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FOR RUGGED SERVICE, Reliance 


Motors are built better to last longer. 













These Precision-Built Motors combine 
maximum strength with shock-resist- 


ant frame and bearing-bracket con- 


struction. Write for Bulletin B-2101. 


a 
LIKE! 


T1707. 143 


1079 Ivanhoe Road, Cleveland 10, Ohio ~e« Sales Representatives in Principal Cities 
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NICO 


Precision Investment Castings 
help make possible 


FLIGHT REFUELING 








The first crude attempts at refueling airplanes in flight were made about thirty 
years ago. Today, the procedure is completely routine and reliable beyond 
question. 


Flight Refueling Inc., Danbury, Conn., manufacture the probe and drogue system 
which has now reached a high degree of perfection. 


Hitchiner precision investment castings are found in critical spots in the operation 
and contribute materially to making it successful. They may contribute equally to 
your products that require complicated small parts. 


If you are interested in knowing how your small parts may be made economi- 
cally to close tolerances, send us your drawings along with your problems. 






Send for your copy of this new booklet that gives interesting data 
covering the design, application and manufacture of Precision 
Investment castings. IT’S FREE 





HITCHINER Manufacturing Company, Inc. 
MILFORD 8, NEW HAMPSHIRE 


Representatives in principal cities. 
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jectionable. 

One automatic machine opera- 
tion successfully runs through a 
sequence involving feed speeds of 
about 2 inches per minute while 
cutting, with a speedup to 75 inch- 
es per minute for traverse between 
cuts. No cutting was done during 
this traverse operation, but the 
tracer was required to maintain 
contact with the template and be 
ready to cut immediately at the 
end of the traverse operation. Ac- 
curacies better than 0.0005-inch 
were maintained. 

From a paper entitled “Practical 
Considerations in the Use of Tracer 
Controls” presented at the Sixth 
Annual AIEE Conference on Ma- 
chine Tools in Cleveland, O., Oc- 
tober, 1953. 


Metallic Traction in 
Transmission Design 


By L. A. Graham 


Mechanical Engineer 
Graham Transmissions Inc. 
Menomonee Falls, Wis. 


HE most common use of me- 
tallic traction to transmit pow: 

er is in the railway locomotive. 
Early designers of railway equip- 
ment evidently feared that trac- 
tion would not push the train 
ahead because there are interest- 
ing pictures in the texts of a cen- 
tury or so ago of a third, toothed 
rail or rack alongside the other 
two rails, which was engaged by 
a gear driven by the steam en- 
gine. However, some bold spirit 
soon came along and threw the 
rack into the discard, and traction 
has been doing the job ever sinc« 
Some of the early automobiles 
were traction driven to an inte! 
mediate dead axle by a rolle: 
splined to the engine shaft an 
engaging under spring pressure 
disk, usually with leather facin;: 
The roller was moved along th 
disk by a linkage to give a' 
speeds, forward and reverse. Fine 
drive to the rear axle was Db. 
chain. When the going got to 
rough, or too tough a grade wa 
attempted, the engine had plent 
of power to keep turning the rolle 
but there was not enough tractio! 
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for it to turn the disk, so the roll- 
er would merely grind a hole in 
the disk and the car just wouldn’t 
“make the grade’. 

There are many such elementary 
roller-disk drives still in use on 
certain types of industrial ma- 
chines where the service demands 
are not too rigid, but this con- 
struction violates most of the nu- 
merous requirements of a well-de- 
signed traction drive. Largely be- 
cause of this poor initial record, 
even well-designed modern trac- 
tion drives are still held in dis- 
favor with many engineers. They 
are often dubbed “friction” drives, 
the word “friction” being used as 
a term of opprobrium, which Web- 
ster defines as “reproach mingled 
with disdain.’”’ In fact, one such 
machine-tool designer remarked 
that he wouldn’t have a friction 
drive in his machine. It happens, 
however, that the machine-tool 
spindle has always been driven 
from the motor, and with good 
success, by V-belts whose design 
follows the familiar formula T,/T, 

e’°, f being the coefficient of 
friction or traction which per- 
forms the job. Actually, traction 
properly applied participates in 
driving most modern machines, 
and metallic traction is widely 
called into play when the require- 
ment is for infinitely variable 
speed in which it does an accurate 
and reliable job. 


Dry vs. Lubricated Traction: 
When alloy steel traction members 
in contact under pressure are used 
instead of a belt and pulley there 
is the basic advantage that alloy 
steel has over thirty times the 
Strength of leather. This means 
that parts can be smaller and the 
transmission more compact even 
with a smaller friction coefficient. 
Since steel parts can run in oil, 
the transmission can be self-con- 
tained and splash-lubricated. Dry 
metallic traction, although it nat- 
urally affords a higher operating 
coefficient, can be used for power 
transmission only in the locomo- 
tive where the rails extend for in- 
definite length, or on small inter- 
mittent operation ‘“fleapower’’ 
units. The relatively low friction 
coefficient resulting from the im- 
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HOKE 


BAR STOCK 


Pe —— 
NEEDLE VALVES ( a= 2 
with 4 improved ry¥> yp 


design features 









2. O-Ring 
Stem Seal 


3. Backseating 
Feature 


4. Self-Aligning 
Spindle 


The newest and’ most versatile bar stock needle valve now avail- 
able—that's the HOKE 270 series for instrumentation, test panel 
and hydraulic service. The O-ring stem seal provides maximum 
tightness. and eliminates packing adjustments. (Conventional 
packing is available, however, if desired.) An important new 
advantage is the backseating feature that permits O-ring or pack- 
ing replacement under pressure, without shutting down. A self- 
aligning spindle has been designed to insure tight seating with 
minimum wear. The easy- 
grip handle is of die-cast 
anodized aluminum, with 
no sharp edges. An addi- 
tional feature makes possi- 





Write for the 
New Hoke Catalog 


ble direct instrument panel This completely illustrated 
. 68-page catalog contains 
mounting. These new bor specifications on needle 
stock valves are now avail- valves of all sizes as well 
able in sizes from %” to as toggle valves, special 
“re a purpose valves, fittings 
2” pipe — straight and and accessories. Tell us 
mi * about your problem and 

angle patterns oer we will gladly send you 
factured from brass, Type a copy of the catalog 
316 or 430F stainless steel. with our specific recom- 
“ ss mendations. Address your 
O-ring styles can be helium request to 191 S. Dean 
leak tested for use in non- Street, Englewood, N. J. 








critical high vacuum service. 
























where frequent opening and 
closing are required...specify 








On panels, doors or covers, Camloc Fasteners provide security against 
opening due to vibration. Originally developed for use in aircraft, 
Camloc Fasteners have since been adopted by other industries because 
the basic design offers many advantages. Camloc opens or closes with 
a quarter turn of the stud, yet the combination of cam, spring and 
detent provides a uniform locking torque that grips firmly, positively 
and durably. Camloc Fasteners are easily installed because the cross 
pin is an integral part of the stud and the stud is quickly inserted with 
pliers. After installation, when the panel is removed or opened, the stud 
remains attached to the outer panel so that no part can possibly be lost. 
Our engineers can help you make the most effective use of Camloc 
Fasteners, by suggesting the most efficient assembly methods and by 
determining the minimum number of fasteners required to perform a 
given job. Your inquiry will receive our prompt attention. 


Write for our illustrated brochure containing descriptive information 
on the basic Camloc fastener line. Address your request to 37 Spring 


Valley Road, Paramus, N. J. 


VIBRATION-P ROOF 


In years of constant 
use in aircraft— 
where vibration is 
always a bugaboo— 
CAMLOC Fasteners 
have proven themselves 
again and again 





OPEN & CLOSE QUICKLY 


A quarter-turn 
with a screw 


driver—or of f” 
the wing head— 
opens or closes 
the CAMLOC Fastener. 








important where quick 
access is vital. 


POSITIVE LOCKING 


Spring loading plus 
cam action, with a 
cross pin that can't 
come out, guarantee 
CAMLOC Fasteners 
against accidental 
opening 


EE 




























SAVE MONEY 3 WAYS 


CAMLOC Fasteners 
cost less to install. 
eliminate costly 
replacement because 
they're made to take 
frequent use. fewer 
do the job. 
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mersion of the traction members 
in a lubricant calls for the use of 
rather high contact pressures com- 
parable to those in ball bearings. 
This leads to the most important 
single requirement of any suc- 
cessful, commercial variable speed 
transmission of this kind, namely: 
the construction must be such that 
a complete skid at the contacting 
parts is impossible even in the 
event of a complete stall from 
overload of the driven shaft such 


as took place in the early disk- 


roller automobile transmissions. A 


| complete skid at the contact under 


the existing and allowable pres- 
sure would mean an almost in- 
stant destruction of the surfaces. 
This can be prevented only by 
building a gear differential into 
the inherent design. 


Metallic Traction Laws: One 
of the interesting features of lu- 
bricated metallic traction is the 
uniformity of the laws that govern 
its use. In lubricated traction the 
action is quite different from dry 
traction. In dry traction there is 
a microscopic interlock of the en- 
gaging surfaces developed by the 
pressure; this interlock holds the 
surfaces firmly together and 
breaks down only when the fric- 
tion coefficient is exceeded. With 
lubricated traction, a monomolec- 
ular oil film is always present be- 
tween the surfaces, and its stretch 
transmits power up to the limit of 
traction. This stretch of the oil 
film results in a slight decrement 
of speed corresponding to each in- 
crement of traction load, the curve 
being comparable in shape and 
characteristic with the _ speed- 
torque curve of an induction mo- 
tor. 

Since both tractive power and 
regulation are tied up in the oil, 
the oil used in a traction drive 
should be selected for traction 
rather than lubricity, although 


| adequate lubricity must be pro- 


vided. Slight loss of speed und+r 
load or slip, which is characte’- 
istic of the induction motor and 
makes it work, is also character- 
istic of any infinitely variabl:- 
speed transmission not using #n 
auxiliary governor whether it be 
a mechanical, electrical, hydraulic 
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O-M criinoers 


%% oI fit where 
a ec others won't! 


O-M's SPECIAL INTERLOCKING MECHANISM, which does away with pro- 





jecting tie rods and end caps, answers the old problem of how to 
get the necessary power when space is a factor. O-M Cylinders 
require 1/3 Jess installation space than conventional cylinders with 


Op 











the same bore... and can be turned down to fit easily into the deep 
recesses of machine bases and equally hard-to-reach spots. They're 
ALL-STEEL with bearing bronze—no castings. 


interchangeable 
bore for bore 














SALES REPRESENTATIVES 


J. NEILL ARMSTRONG 
Westmont, New Jersey 
BECKETT-HARCUM CO. 


Willmington, Ohio 


GILMORE SALES COMPANY 


Detroit, Michigan 
NEIL GROOM 


Toronto, Ont., Canada 
HACKETT BROS., INC. 
No. Manchester, Indiana 


H. C. HALBERT 
Atlonta, 


Mi 


Georgia 
H. U. ROGNESS INC. 





IND. SALES & ENGR. CO. 


Houston, Texas 


IND. SALES & ENGR. CO. 


Tulsa, Oklahoma 
KNOX, INC. 

East Walpole, Mass. 
H. D. MACRAE 


Rochester, New York 


JAMES E. McSHANE 


Phoenix, Arizona 





ROBT. TAYLOR & SON N Position . 

Salt Loke City, Utah s 

Company. % 

syn wc = ee 
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And O-M has the lowest coefficient of friction of any cylinder . . . smoother 
operating at low or high speeds regardless of length of stroke. 
End plugs tapped for universal mounting. Any one or combina- 
tion of mounting brackets may be used to install without dis- 
— or changing cylinder. Easily removed, inspected, re- 
paired. 


Available in a full range of sizes (11/2 to 8" bores) with standard, 2 to 1 
or oversize rods. Completely interchangeable parts. 


Write today for FREE catalog and complete set of 4%- and 4-scale tem- 
plates showing all cylinders and mounting brackets. 


14 day delivery on most sizes 


SA Bo SAE EO MS 
® 


THE MERCER COMPANY 
Milwaukee, Wisconsin 
WALTER NORRIS ENGR. CO. 
Chicago, iilinois 
PNEUMATIC ENGR. CO. 
West Hartford, Conn. 

P. W. RICE 

Cleveland, Ohio 

THE RODEN COMPANY 
Cranford, New Jersey 

THE RUCKER COMPANY 
Ockland, California 

THE RUCKER COMPANY 
Seattle, Washington 

THE RUCKER COMPANY 
South Gate, California 
T. H. SCAFFE 

St. Lovis, Missouri is 
SINTES SALES ENGR. \~ 


New Orleans, Lovisiona 









Wy ORTMAN-DILLER MACHINE COMPANY 
‘§ 1210 150th Street, Hammond, Indiana 


[_] Please send latest O-M Catalog [|] Complete Templates 
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Ms precision electronic instruments by Dedlll 


non-linear 
function 


C-200 
external phasing 
potentiometer 


Logarithmic, sine-cosine and 
other shape functions 
Multiple, adjustable taps 
Unitized design for universal 
coupling 

@ Precision machined aluminum 
housing 

®@ Servo or single hole mounting 


For further information write 
DeJUR-Amsco Corporation, Dept. 
MDP-1, 45-01 Northern Blvd., Long 
Island City, 1, N. Y. 


YOU'RE SURE WITH Deu 


POTENTIOMETERS + CONNECTORS + METERS 


CORPORATION 
pewe., 2.1.6: 1, &. ¥ 


DevJVUR-AMSCO 
et a 
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or electronic type. 


Design Considerations: In the 
use of metallic traction for mod- 
ern transmissions, a paramount dc- 
sign requirement is to determine 
mathematically the stresses at the 
frictional contact and the result- 
ing life expectancy. These for- 
mulas were worked out originally 
by Herz in 1893 and are the 
foundation of all modern bearing 
and gear design. They enable the 
designer to calculate the dimen- 
sions of the flattened elliptical area 
of contact and thus obtain a meas- 
ure of the surface shear. An em- 
piric factor, however, which must 
modify such calculation is that of 
temperature. It is important to 
keep the case temperatures com- 
parable to those in electric motors 
—not more than 50 C above am- 
bient. Fatigue tests made on bear- 
ings in refrigerated cases have 
shown that failures are basically 
a heat phenomenon, thus reduced 
temperature increases fatigue life. 


Summary 


A summary of the design re- 
quirements in applying metallic 
traction to a modern transmission 
are the following: 


1. Make it physically impossible to 
completely skid. 

2. Use proper tractional lubricant. 

3. Design for highest regulation. 

4. Keep operating temperatures 
within bounds. 


The last two requirements are 
met by the following features of 
transmission design: 


1. Limit contact ‘pressure to mod- 
erate values. 

2. Locate tractional surfaces at ex- 
treme case dimension where lev- 
erage of traction is greatest. 

3. Construct drive for minimum 
side spin to permit least pos- 
sible variation of speed at sides 
of contact center. 

4. Minimize number of tractior 
contacts to insure load divisic! 
and to lower cost per horsepow 
output. 


From a talk entitled “Use of Me- 
tallic Traction in Modern Transmi;- 
sions” given before the Machine 
Design Division of the Southern 
California Section of ASME in Los 
Angeles, Nov. 1953. 
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Materials Handling 


Hydraulic Crane: Rated at 3200 
lb capacity at a boom radius of 18 
ft and 8000 lb at a 10-ft radius, 


| 
| 


unit can lift and transport its | 


maximum load any distance in- 
doors or outdoors. With boom ex- 
tended, hook can be raised 24 ft 
or lowered 30 ft below ground 
level. Telescopic boom can be 


raised to any point between the | 
horizontal and 45 degrees and can | 
be turned continuously through 360 | 


degrees. Employs standard 6-in. 


center distance, 50:1 Cone-Drive | 
gearset in the boom lifting mechan- | 


ism; 5-in. center distance, 40:1 
ratio gearset on the crane swing 
drive. Austin-Western Co., Aurora, 
Tl. 


Electric Fork Truck: Has extra 
short wheelbase, 43% in., to per- 
mit turning in crowded areas; 68- 
in. high uprights and full initial 
lift to permit stacking in low head 
room areas; and heavy-duty drive 
axle to withstand high speeds and 
fast acceleration. Contactor con- 
trol permits fast, smooth starts 
with one handle controlling four 
speeds in both directions. Hydrau- 
lic lift mechanism features con- 
trolled lowering and an automatic 
unloading device to prevent over- 
loading. Elwell- Parker Electric 
Co., Cleveland, O. 


Vacuum Lift: Handles nonporous 
metal sheets up to 40 x 40 in. at 
the rate of one to six sheets per 
minute. Picks up at any level from 
floor to 36 in. high; is adjustable 
through this range and through 
180 degrees turn. Per cycle air 
consumption is approximately 60 
cu in, Machine contains its own 
vacuum plant. Floor space required 
is 36 x 48 in. for base, with arm 
extending out approximately 4 ft; 
height is 6 ft; weight, 1800 Ib. 
Union Tool Corp., Warsaw, Ind, 


Lift Trucks: Model SD, with ca- 
pacity of 2000 lb, handles either 
single or double-facec pallets. 
Length, excluding forks, is 13 in. 


MACHINE DESIGN—January, 1954 


















BEARINGS ¢ BUSHINGS * WEARING PARTS 


(machined or rough cast) 


FOR HYDRAULIC PUMPS 


= Regulation of pump out- 


* put can be only as pre- 
cise aS accuracy in 
manufacture permits. 
Promet packing nuts, 
packing glands, wear 
plates, connecting rods, 
rings, bushings, etc., as- 
sure the alloy best suited 
to the agplication, parts 
machined — y to 
the specified tolerances. 
The American Crucible 

\ laboratory is equipped 

ee to make complete chemi- 

i 

= 


cal analysis of non- 
pees metals and al- 

and all of the many 
a of physical prop- 





Promet #6 Packing Nut 
erties called for by modern specifications. 


When American Crucible serves your bearing and wearing requirements, you get a money- 
back guarantee of longer service and lower maintenance cost. 


Castings to your patterns—any size, shape or section 
up to 3,000 Ibs. Pattern-making, designing ang machining. 


eet Send blueprints, conditions of 





Write today for FREE LITERATURE and service data 
Operation and other data for recommendations an 


THE AMERICAN CRUCIBLE PRODUCTS COMPANY 


1321 Oberlin Avenue Lorain, Ohio, U.S.A. 
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COPPER TUBE AND PRODUCTS, INC. 


5752 MARIEMONT AVE. © CINCINNATI 27, OHIO 










MUELLER BRASS CO. 


olge tate: 
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\ 
FORGED TO 
PERFECTION 
PRECISION 
MACHINED 
TO YOUR 
SPECIFICATIONS 





NEW 32-PAGE 


IT’S YOURS! 
FORGINGS ENGINEERING 
MANUAL. WRITE TODAY > 





sae aluminum 


MUELLER BRASS CO. 


PORT HURON : MICHIGAN 112 
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Lowered height of truck is 31% in., 
full lift is 4 in. Overall width is 
22 in.; width of each fork, 7% in.: 
opening between forks, 7% in. 
Model D, also with 2000-lb capa- 
city, is used with double-faced pal- 
lets. Overall length of truck, ex- 
cluding forks, varies from 13 in. 
to 24 in., depending on length oi 
forks. Overall width and fork 
dimensions same as for Model SD. 
Forks are designed to enter a ver- 
tical space of 35 in. Forks for 
both models are made from 24 to 
72 in. long. Both trucks require 
less than a 30-lb pull on a level 
hard concrete floor and less than 
25-lb effort on the lifting handle to 
raise a load. Market Forge Co., 
Materials Handling Div., Everett, 
Mass. 


Metalworking 


Straightener: For heavy-duty 
use, model 3BC straightens steel 
and nonferrous tubes and round 
bars such as heavy walled seam- 
less tubing or alloy heat-treated 
hot-rolled bars. Straightens tubes 
from 1 to 10 in. OD and bars from 
1 to 6% in. diameter at speeds up 
to 320 fpm. Any 4:1 ratio can 
be furnished for particular applica- 
tions. Machine employs a central 
pressure roll located between two 
sets of opposed rolls, each set hav- 
ing one driven roll and one idler 
roll. Angular adjustment of the 
two driven rolls is shown on two 
dials. Size: 20 ft long, 15 ft wide, 
10 ft high, including drive. Sutton 
Engineering Co., Bellefonte, Pa. 


General Purpose Machine: Double 
end machine, does boring, chamfer- 
centering, burring, milling, 


| flaring and spinning operations. 


| Hydraulically 


powered magazine 


| feed and motorized heads equipped 


| production of more 


with hydraulic feeds make possible 
than 6000 


| pieces per hour. Spindles in heads 
|-resist unbalanced thrust loads up 
| to 14,000 lb. Workpieces are loaded 


in magazine, fed one at a time and 


| chucked in a stationary position 
| for machining by action of a hy- 


| draulic 


cylinder which controls 
fingers and chuck jaws at each end 
of the workholding fixture. Two 
air cylinders act in conjunction 
with the hydraulic cylinder to pro- 
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Edition 
the most complete, informative, reference available anywhere 


Look 
for it 
with the 
May 
Issue 
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Directory of 
Materials 











The “Directory of Materials” will be published as a 
supplement to MACHINE DESIGN’s Special Materials Issue 
in May of this year. The editors have conceived, 

planned and organized the Directory so that it will be 
possible to “get the facts” by having only a fragment 

of information to begin with, whether it be the type, 
tradename or the producing company. 


TYPE: The Directory will contain complete listings of 
materials in these groups: Metals, Nonferrous Metals, 
Nonmetallic Materials and Plastics, and Finishes and 
Coatings. All the major alloys and related varieties 
will be listed under each type. 


TRADENAME: Within each section there will be an INDEX 
OF TRADENAMES, containing detailed information on 
service characteristics, producibility characteristics 

and specification designations. 


COMPANY: Following these sections will be an “index of 
the indexes” . . . an alphabetical listing of all trade- 

names, a listing of all participating companies and a 
listing of specification agencies. Each tradename and 
each company will be cross-indexed to the exact place 

in the Directory where all the other pertinent infor- 
mation is to be found. 






























Regardless of what Martin “Old Kinderhook” Van 
Buren had in mind when he introduced the term “OK” 
Helical in the 1840 Presidential campaign, today “OK” has 
come to mean “well done.” And “OK” is what our 
customers say about the custom gears we deliver to 
them. Why? Because the combination of attention to 
Internal details and over 45 years of “know-how” means every 
gear we produce is a masterpiece of craftsmanship. 
So specify Cincinnati Gear on your next custom gear 
order—and you'll put your stamp of approval on our 
Spline Shaft gears too. . 


Spur 


Worm 


Herringbone 


*Coniflex Bevel 


Spiral Bevel 

















THE CINCINNATI GEAR COMPANY 
“Gears ... Good Gears Only”’ 
Wooster Pike and Mariemont Ave. al Cincinnati 27, Ohio 





SOLENOID VALVES 
WITH ADVANTAGES PLUS 


















This valve of unique and practical design has 
proved itself in the past seven years to have 
extreme endurance and reliability. Important 
ports are stainless steel and no gaskets are 
used whatsoever. All.parts silver brazed for 
rigidity. Look no further for a solenoid valve 
that will give years of trouble free, efficient 
service. Write today for full information. Sam- 
ples available for inspection and test. 


IMPORTANT FEATURES: 


All brazed construction 

No mounting brackets 

Weight 5 ounces 

Positive seal at any pressure 

Operates in any position 

Operates up to 1000 cycles per minyte 
Power consumption 1 to 3 watts 
Pressure up to 200 p.s.i. 

Straight through flow 


— PRODUCTS CO., INC, 


3725 Monitor Ave. 
Minneapolis 16, Minn. 
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vide uniform tension throughout 
loading and unloading. Power heads 
rest on flat ways on machine bed 
and are adjusted to a position to 
suit length of part. Cutter spindles 
automatically compensate for part 
length variations and are hydrau- 
lically fed into depth and retracte:. 
Finished part is ejected as a new 
part drops into position, Adjust- 
able stops control travel of cutter 
spindles, which is adjustable up 
to 6 in. Walter P. Hill Inc., De- 
troit, Mich. 

Automatic Screw Machines: Two 
4¥,-in. capacity machines differ in 
type of feed drive. Model AB has 
electric feed drive which provides 
adjustable forward and return mo- 
tions of each of the five turret 
stations. Drive is controlled by 
ten dial rheostats and a rotary 
timing switch with ten selector 
contacts. Model AW provides 
variable forward and return 
feeds through a mechanical drive. 
Changes of feed are automatically 
controlled by adjustable steel cams 
on the regulating wheel. Ranging 
from 21 to 648 rpm, 56 spindle 
speeds are available. Four auto- 
matic speed changes for each speed 
range are made possible through 
the four-speed spindle motor. Hand 
shift clutch provides two speed 
ranges for each set of change 
gears. Separate front and rear 
cross slides are independently oper- 
ated by separate, adjustable cam 
drums. Tool turret diameter is 14 
n.; stock feed stroke, 14 in.; turn- 
ing length, 7%-in. Cleveland Auto- 
matic Machine Co., Cincinnati, O. 

Impact Press: All - pneumatic 
press features uniformity of im- 
pact force on workpieces of vary- 
ing thickness and speeds up to 
10,000 cycles per hour. Variable- 
stroke air hammer or piston ram 
which moves within a closed cyl- 
inder strokes a chuck projecting 
through the bottom of the cylinder. 
Length of hammer stroke or travel! 
inside cylinder is adjustable. Actu- 
ation of foot-valve pedal brings cy]- 
inder assembly with chuck and tool 
into contact with work by a hy- 
draulic traverse mechanism, and 
impact follows. Traverse and im- 
pact stroke are in linked sequence, 
but independently adjustable. On 
work of uniform thickness clear- 
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The picture shows you why this 
Spindle has swept the field for 6° x 
18” surface grinder application (pro- 
ducing finer finishes at lower cost) — 
and why it has been promptly drafted 
for hundreds of other jobs. 


There are many types of bear- 
ings but none can approach the 
superb combination of rugged- 
ness and precision found in the 
double row cylindrical roller bear- 
ings you see in this Spindle. They 


Super Precision 
Roller Bearings 
Separate 


Thrust Bearings 


have tremendous load carrying 
capacity, produce a superior fin- 
ish and assure long, trouble-free 
operation. 

Note the thrust bearings. There is no 
endwise movement of the shaft in 
either direction. 

Spindles have the Pope System of 
lubrication and are dynamically bal- 
anced in full assembly. 

Applicable to all new grinders and 
to those now in service. Write for 
price and delivery. 


hecify p f} Pp E POPE MACHINERY CORPORATION 








PRECISION SPINDLES 
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The difference 


tive action of 


GETTING TO THE BOTTOM OF THINGS 








CONVENTIONAL 
PUMPS 


Viking Rotary Pumps. 








to you between profit and loss can depend upon the simple, posi- 


Their fast, thorough stripping action can 


mean that you get all you pay for when emptying barrels, tanks and other con- 


tainers 


instead 


of leaving a part of each load. 


Where many other pumps fai’, 


efficient stripping is possible with Vikings because of the suction lift created by 


our famous Viking 





V 


results 


— 


TU Te 


faster with a Viking. 
ing problem? Send it along today and ask 
for bulletin 54SH. 


“gear-within-a-gear” pumping principle. 


Whether the liquid you want to pump is 
thick or thin, you will pump more . . 


What is your pump- 






PUMP COMPANY 


CEDAR FALLS, IOWA 









accurately controlled 
electric heat 


HEATING LIQUIDS 
MELTING SOLIDS 
in Tanks and Vessels ss 


WATLOW 


IMMERSION HEATERS 


life. Available 


rosion resistance. Standard sizes: 3/4” 


to 60” 


lengths; 


10W-35W densities. 


shapes built to your specifications. 


Send for your free copy of 


The most efficient method of heating fluids in 
tanks, kettles, steam tables, boilers, etc. Watlow Units are 
designed for low internal operating temperatures—which 
in maximum 
nickel alloy, also stainless steel sheaths, for maximum cor- 
to 2” dia, 34” 
Special sizes and 


in brass, 


steel or 


Watlow Electric Heating Units Catalog. 





oa 
| 


SINCE 1922—DESIGNERS AND MANU- 


FACTURERS OF ELECTRIC HEATING UNITS 

ELECTRIC MFG. CO. 
1384 FERGUSON AVE. 

SAINT LOUIS 14, MO. 
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ance of 0.005-in. will permit an im- 
pact of any desired force ranging 
from 30 to 30,000 lb. On work that 
varies considerably in thickness, 
vertical clearance may be set for 
the thickest piece, and within the 
traverse range of 214 in., impact 
is uniform. Cylinder bore is 3 in.; 
piston travel or hammer stroke, 0 
to 4 in.; throat clearance, 8% in.; 
vertical clearance, 0 to 12 in. 
Heidrich-Nourse Co., Los Angeles, 
Calif. 

Gear Shaver: Improved horizon- 
tal model GCK-96 for spur, helical 
and herringbone gears from 2 to 16 
diametral pitch, having pitch di- 
ameters from 24 to 96 in. Has two 
cutter heads with rapid traverse 
feeds and a flexible work driver, and 
adjustable bearing pedestals which 
permit shaving of large gears by 
the rotary crossed axes principle 
while mounted on their journal 
bearings as they will run when in- 
stalled. Bed supports gear assem- 
blies weighing up to 26,000 Ib. 
Checking bar mounted in a slide in 
the saddle which supports the two 
cutter heads checks alignment of 
gear journal bearings in both hori- 
zontal and vertical planes. Each 
cutter head has indicators for set- 
ting the cutter head crossed axis 
angle. Accommodates cutters up 
to 12 in. in diameter. Maximum 
shaving range is 111 in. Length 
from headstock to end of work bed 
is 170 in. Machine is 240 in. long, 
210 in. deep and 129 in. high, and 
weighs approximately 150,000 lb 
National Broach & Machine Co., 
Detroit, Mich. 


Processing 


Automatic Electroplater: Incor- 
porates only longitudinal and ver 
tical reciprocating movements. Has 
neither elevating superstructure. 
transfer cams, chain, sprockets, no: 
hydraulic fittings above the tanks 
All working parts are mounted o! 
a central carriage which moves 0! 
a single track and is actuated by « 
hydraulic cylinder. A shaft run 
ning the length of the carriage i: 
fitted with gears meshed to rack 
on the work lifting arms, providing 
vertical motion which lifts and low 
ers work. As lifting arm racks ar‘ 
meshed with central shaft gears 0! 
opposite sides, arms on one sid 
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DESIGN ENGINEERS... 
METHODS ENGINEERS... 


ror [DEAS ~ 


@ RADAR ANTENNA SYSTEMS 


design, development and fabrication 


@ JET ENGINES 
new fabrication methods for major 
components 


@ THERMODYNAMICS 
help with your design and fabrication 
problems 


e@ GUIDED MISSILES 


new fabricating techniques for 
airframe members 


@ TITANIUM 


new welding, forging, forming, 
spinning techniques with this 
hard-to-work metal 


@ NEW DEVELOPMENT PROBLEMS 


design, development and fabri- 
cation of products not now 
defined but whose perform- 
ance can be specified 







If you are interested in design, development 
and production of new and unique products or components, 
this 20-page booklet of I-T-E’s Special Products Division will help you. 
It shows what specialists in ideas have accomplished . . . 
shows solutions to some interesting development and fabrication 
problems... tells what this unique organization is doing to help develop 


products to performance specifications. 


Send for Publication SP-100 today. 





SPECIAL PRODUCTS DIVISION 
1-T-E CIRCUIT BREAKER COMPANY 
601 East Erie Avenue ¢ Philadelphic 34, Pa. 
through Problem Solutions 


IES 


Progress 
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RELAYS 
COMAR 


Hermetically 


SEALED 


or open 


RELAYS + SOLENOIDS 
COILS 
TRANSFORMERS 
SWITCHES 
HERMETIC SEALING 


Omar 


ELECTRIC 


— COMPANY 


oe 


See our catalog 
in Sweet's Product 
Design File, 





Complete Engineering, 
Manufacturing, Sealing, 
Plating, Painting, Imprinting Facilities 


Illustrated are some of the sealed relays Comar 
can supply for use in aircraft, communications, 
radar controls, guided missiles, computors, etc. Other 
types for military and commercial applications also 


available. 
(ae 


Send for Details 





3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


©) 


~ 


Goshen kibler bo. INC. Goshen. Luiltiitei 
1714 SOUTH TENTH STREET 
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are raised while those on the oppo- 
site side are being lowered. Work 
carriers which are independent of 
the transfer mechanism move on 
two cathode rails. Before unload- 
ing, parts are moved through a 
drying oven. Wagner Bros. In-., 
Detroit, Mich. 

Vacuum Forming Machine: Mod- 
el 50-20, for vacuum forming ther- 
moplastic sheets, operates with 
completely automatic cycle and has 
90-degree adjustable platen for dif- 
ferential heating of the sheet. Es- 
pecially suitable for the use of male 
dies that permit deep draws with 
relatively thin sheets. Machine 
has 60 x 30-in. platen which han- 
dles sheets up to 52 x 24 in; 
height-adjustable strip heater as- 
sembly that provides temperatures 
up to 1150 F; 100-gal vacuum 
surge tank; and cycle control by 
means of four delay timers. Over- 
all dimensions are 88 in. high, 70 
in. wide, 68 in. deep; weight is ap- 
proximately 2500 lb. Vacuum 
Forming Corp., Port Washington, 
N.Y. 

Parts Cleaner: Model H-95, for 
flushing, spraying or soaking metal 
parts, dies, large bearings and as- 
semblies. Pump delivers flow of 
cold solvent under pressure through 
a heavy flexible metal hose. Selec- 
tor valve permits direction of flow 
by operator also. Pump can cir- 
culate fluid in the tank by jet ac- 
tion. Solvent capacity is 100 to 
175 gal. Graymills Corp., Chicago. 
Til. 

Vacuum Metallizer: Rapid pump- 
down of 72-in. diameter, 60-in. long 
chamber is accomplished by a three- 
stage pumping system, comprised 
of a 500 cfm rotary mechanical! 
pump for roughing, a 6-in. booste: 
pump and three 14-in. oil diffusion 
pumps which are directly connected 
to the rear face of the metallizing 
chamber, without a _ manifold 
Pumping system can evacuate th: 
empty chamber to a pressure of 
micron—normal working pressur: 
for metallizing — in 7 minutes 
Pushing a button to initiate rough 
pumping automatically closes al: 
valves opening from vacuum cham- 
ber except the one to mechanica' 
vacuum pump, When rough vacu- 
um pressure gage reading is 200 
microns, operator pushes a second 
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More of them..and faster! 


Why? Because ‘we're in our new factory .. devoted exclusively 


Tom ial-Mulelilticelaitic Meola Slilelel-lae Mell @melileMibaelsel' | ate Zi ile(-1s 
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Rush deliveries when necessary. 
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presses, plastic extrusion presses, die casting machines, 

marking machines, and shears, as well as a wide 


‘variety of construction machinery. 
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THERE’S MORE 
THAN METAL 


in 


Gibsiloys 


When you buy 
Gibson Electrical Contacts 
for your electrical and elec- 
tronic applications, you get: 


m= QUALITY & EXPERIENCE 


Gibson quality is unexcelled in this 
field. It is based on 21 years de- 
voted exclusively to the design and 
manufacture of contacts. 


m=> ENGINEERING FLEXIBILITY 


Gibson produces electrical contacts 
in acomplete line of materials, forms 
and assemblies—enabling Gibson 
to supply economical and practical 
contacts to meet virtually any need. 
Because of the completeness of our 
line, Gibson engineering service is 
unbiased. It is available to you at 
no obligation. 


mp SERVICE & INGENUITY 


Gibson introduced to the industry 
Ductile Gibsiloys—contacts made 
from metal powders—to answer cus- 
tomer demand for combinations of 
physical and electrical properties 
not possible with alloyed contact 
materials. The versatility of Gib- 
siloys is ready to meet your needs. 


Let us cooperate to solve your prob- 
lems. To learn more about Ductile 
and other Gibsiloy contacts, write 
for Gibson Catalog C-520. It con- 
tains much helpful engineering in- 
formation. 


CONTACT GIBSON FIRST 









= a 
[jibsiloy 
ELECTRICAL CONTACTS 


y vs 
TMlanujaclured by 


Gigson Ecectric COMPANY 


8355 Frankstown Ave. 


Pittsburgh 21, Pa. 
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| button to close valve from chamber 
to roughing line and open valves to 
diffusion pumps and booster pump. 
After metallizing takes place, de- 
pressing a third pushbutton closes 
| all valves leading out of the cham- 
| ber and trips open another valve 
| which admits air. F. J. Stokes Ma- 
| chine Co., Philadelphia, Pa. 








Testing and Inspection 
Tinplate Scale: Model 372-S Ther- 


| moseal tinplate scale measures the 


thickness of tin plate by means cf 
a comparison of the weight of steel 
sheets before and after plating. 
Scale platform is balanced by a 
counterweight so that a minimum 
tare weight is applied to the scale. 
Scale head is built around two pre- 
cision calibrated steel springs, and 
because of its thermostatic control, 
will automatically adjust to zero 
over a wide range of temperatures. 
Capacity is 50 oz. Stainless steel 
platform measures 20 x 20 in. John 
Chatillon & Sons, New York, N. Y. 

Air Gage: For inspection of out- 
side diameter, cloverleaf and taper 
of cylindrical parts such as auto- 


motive piston pins. Part is placed 
on two steel cylindrical guide rails 
and pushed through the air ring 
which has three open air jets 
equally spaced 120 degrees apart 
Position of the float in the gag: 
column indicates whether or not 
the pin is within dimensional tol- 
erance. Steel guide rails on each 
side of air ring can be revolved 
when sliding surfaces become worn. 
Standard gages have amplifications 
of 1000:1, 2000:1, 5000:1 and 10,- 
000:1, depending upon part toler- 
ance; others made to _ specifica- 
tions. Sheffield Corp., Dayton, O. 

Ultrasonic Measuring Unit: Mod- 
el MS-101 Ultrasonic Metroscope is 
used for nondestructive ultrasonic 
measuring and testing of metals 
and other materials. Makes wal! 
thickness measurements or tests 
from one side of the material only, 
as in the forming or construction 
of propeller blades, tanks, pressure 
vessels and cylinders, pipes, or any 
formed or drawn shape. Also de- 
tects internal laminar defects in 
sheet materials and imperfect 
bonds between clad metals, switch 
contacts, bearing linings, etc, J. 


W. Dice Co., Englewood, N. J. 





MULTIPLE ASSEMBLIES 
FOR SMALL PARTS BELONG TO 


HORSE-AND-BUGGY DAYS 





DIE CASTINGS 


GIVE YOU TINY 
PARTS LIKE THESE 


COMPLETE 
IN ONE 


OPERATION 


Compare GRC small die castings with assemblies 
GRC completely 
finished parts save you time, labor, money. Cast 
in one high-speed operation, they open broad op- 
portunities for your new designs. Fast delivery 


produced by other methods. 


on 100,000 pieces to many millions. 


Send prints for quotations. 








NEw Rochelle 3-8600 





Write today for bulletin and samples 






| GRIES REPRODUCER CORP. 


Manufacturers of Small Castings Exclusively 
32 Second Street, New Rochelle, New York 













Foremost 
Producers 
of Tiny 


Die 
Castings 
Smaliness Unlimited 


Max. Wt.: 2 02. 
Max. Lgth.: 134 in. 
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Application Engineering Offices: ATLANTA * CHICAGO ( 
er “ADELPHIA aropston . 


In this Modern Automobile Engine Plant 


INGERSOLL MILLING 
MACH. CO. 


, INC. 


NYDER TOOL 
SAND ENG. CO. 





RINGERSOLL MILLING @ 






§ EX-CELL-O CORP 


BAUSH MACH. 


TOOL CO. 


NATCO. INC. 


=—Tt > aoe 
INGERSOLL MILLING 
_ MACH. CO 
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Wherever you look...... 











you'll see NTT CKE R$ HYDRAULICS 


problems of feed, control, transfer, synchroniza- 


Here is a scale model of the production line area 
of one of the most modern automobile engine plants 
ever built. Having a capacity of 100 V8 engines per 
hour, it is equipped with time-and-money-saving 
machinery for automation. 

Wherever you look in this plant you'll see 
Vickers Hydraulics. This is indicated on the photo- 
graph by the lines leading out from the Vickers- 
equipped machines to the names of their makers. 
It is an interesting study .. . first for the variety 
of machines . . . second for the large number of 
builders who use Vickers Hydraulics. Vickers 
Hydraulics is often the ideal solution to the myriad 


vic KERS tncorporined 
DIVISION OF THE SPERRY CORPORATION ~ 
1430 OAKMAN BLVD. » DETROIT whe MICH. 





Ss 


dS AOS RAR 


"nTSBURGH rocnestE8 + 


tion, etc. which must be dealt with in a highly 
automatized plant such as this. Hydraulic power 
can be developed wherever most convenient and 
applied at any other location. Simplification of de- 
sign, flexibility of control, instantaneous response, 
rapid operation, ease of providing interlocks and 
overload protection, low maintenance .. . all are 
characteristics of Vickers Hydraulic Systems. 

Do your machines have Vickers Hydraulics? 
The Vickers Application Engineer near you will be 


glad to discuss the many advantages. 


6445 
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ENGINEERS AND BUILDERS OF. OIL 
wel EQUIPMENT SINCE 1921 
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The rubber base of 
each valve is rough- 
ened by a Pittsburgh 
brush to secure a 
better bond when 
vulcanizing the valve 
to a tube. 







Pittsburgh brushes 
remove excess rubber 
which spills onto 
valve cap thread dur- 
ing vulcanizing opera- 
tion. (Guard housing 
has been removed for 
day) = 




















































A. Schrader’s Son, Brooklyn, 
New York, uses Pittsburgh brushes 
in the production of tire valves for 
leading tire manufacturers. In one 
operation, two brushes remove 
the excess rubber which flows 
around the valve threads during 
the vulcanizing process—750 
valves per hour are cleaned in 
this manner! 





WRITE TODAY for 
your free copy of 
our new booklet 
that shows thru 
actual case his- 


Another Pittsburgh brush on a 
buffing machine roughens the 

rubber base of the valves to secure tories, how Pitts- 

oe burgh can help cut 

a better bond when vulcanizing your brushing 

. costs. Address: 

the valve to a tube. In this opera- Pittsburgh Plate 

° P Glass Company, 
tion, the Pittsburgh brush was 

chosen because it outlasts com- 


Brush Div., Dept. 
W-5, 3221 Fred- 
petitive makes. 


erick Ave., Balti- 
more 29, Md. 


PITTSBURGH 


Frucr Viren 


BRUSHES « PAINTS ¢ GLASS ¢ CHEMICALS « PLASTICS « FIBER GLASS 





PITTSBURGH PLATE GLASS COMPANY 





IN CANADA: CANADIAN PITTSBURGH INDUSTRIES LIMITED 
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J. C. Owen was re- 
cently appointed chief 
engineer, instrument 
products, of the 
Grand Rapids Div. 
of Lear Inc., Grand 
Rapids, Mich. He 
will direct all engi- 
neering activities in- 
volving instruments, 
concentrating on the 
development of new 
products and the 
broadening of the 
current line of air- 
craft instruments. A 
graduate of the Unit- 
ed States Naval Acad- 
emy, Mr. Owen was 
associated with the Eclipse-Pioneer Div. of Bendix 
Aviation Corp. for a period of 12 years prior-to join- 
ing Lear. At Bendix he served as senior engineer in 
charge of systems engineering activities. Mr. Owen is 
credited with a number of major contributions in the 
field of automatic flight. 


ay 


J. C. Owen 





¢ 


Assistant to the chief engineer since May 1953, Jd. 
P. Cummings has been named chief engineer of Chrys- 
ler Corp. of Canada. Following his initial assignment 
to experimental work on Dodge trucks when he joined 
Chrysler in 1930, Mr. Cummings served in various en- 
gineering capacities, subsequently becoming resident 
engineer at the Dodge main plant. During the war 
years he was assigned to production control engineer- 
ing on military vehicles built by Dodge. Named chief 
engineer of the Export Div. in 1945, he served in that 
capacity until his appointment to the Canadian firm 
last year. 

° 


Henry J. Gardner has been appointed chief engi- 
neer of Airmatic Valve Inc., Cleveland. Previously, 
Mr. Gardner was associated with the Cleveland Diesel, 
Chevrolet and Cadillac divisions of General Motors 
Corp., Electric Auto-Lite Co. and International Busi- 
ness Machines Inc. 

. 


Raymond Engineering Laboratory, Middletown, 
Conn., has announced the appointment of Lincoln 
Thompson as a vice president. With a broad back- 
ground in teaching, research and the development of 
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talking pictures and electronic devices, Mr. Thompson 
made the first practical talking book records for the 
blind and later developed the Sound Scriber disk elec- 
tronic recorder. He wrote the article, “Dictating Ma- 
chines,” describing the Sound Scriber, which appeared 
in the January 1951 issue of MACHINE DESIGN. 


° 


Philip M. McKenna, 
president of Kenna- 
metal Inc., Latrobe, 
Pa., was awarded the 
Holley Medal by the 
American Society of 
Mechanical Engineers 
at the society’s recent 
Annual Meeting. This 
award is made for a 
“great and unique act 
of genius of an engi- 
neering nature that 
has accomplished a 
great and timely pub- 
lic benefit.” Mr. Mc- 
Kenna was cited for 

Philip M. McKenna his “research, devel- 

opment and applica- 

tion of cemented carbide compositions which have 

contributed so much to the art and science of metal 

cutting.” He was also selected to deliver the Towne 
Lecture at the ASME meeting. 

After graduating from George Washington Uni- 
versity in 1921, Mr. McKenna did research work to- 
ward the development of the best possible tool ma- 
terial. He continued his experiments as research 
director and vice president of Vanadium Alloys Steel 
Co., developing a cemented carbide composition su- 
perior to previous tool materials. In 1938 he founded 
the McKenna Metals Co., which later became Kenna- 
metal Inc. 





* 


Dr. Paul F. Chenea, who came to Purdue University 
from the University of Michigan to assume the post 
of professor of engineering mechanics and research 
professor of materials, was recently named assistant 
dean of the five engineering schools of the university. 


. 


The establishment of a Specialty Control depart- 
ment at the Schenectady, N. Y. works of General 
Electric Co. and the appointment of Louis T. Rader 
as its general manager have been announced by the 
company’s Switchgear and Control Div. Dr. Rader’s 
staff includes H. L. Palmer, manager of engineering. 


¢ 


The appointment of O. G. Haywood Jr. as manager 
of engineering planning has been announced by Syl- 
vania Electric Products Inc., New York. In co-op- 
eration with executives of the operating divisions and 
research laboratories, Dr. Haywood will co-ordinate 
engineering planning in the fields of lighting, radio, 
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WHEN YOU USE 


YOU GET 


PEAK PERFORMANCE 


STRENGTH WITHOUT BULK 


Lower cost, smaller size Mac-it Screws can be 
used for all fastening jobs because of their 
exceptional tensile and torsional strength. 
Made from special Mac-it Alloy Steel held 
to rigid specifications, Mac-it Screws insure 
uniform and dependable screw performance. 


SPECIAL SCREW PRODUCTS 


Mac-it is geared for large or small run produc- 
tion of screws with special design or strength 
characteristics. The high quality of Mac-it 
special Alloy Steel adapts it to heat treatment 
that penetrates throughout the screw structure 
so that the center possesses the same sturdy 
toughness as the outside. Each type Mac-it 
Screw is heat-treated for maximum strength 
in its specific use. 


PRECISION FASTENERS 


The precision manufacture and quality con- 
trol used in making Mac-it Screws provide 
users with high dimensional accuracy and uni- 
formity. All Mac-it Screws in both coarse and 
fine threads are held to a class-3 fit. Mac-it 
maintains a fastener engineering service for 
the design, development and production of 
screws for all types of applications. 


DISTRIBUTOR SERVICE 


Contact any of the hundreds of Mac-it dis- 
tributors from coast to coast for immediate 
service to supply your requirements for 
standard or special screw products. 


MAC-IT SCREW DEPARTMENT 


STRONG, CARLISLE & HAMMOND COMPANY 
1392 W. 3RD. STREET ~ CLEVELAND 13, OHIO 
Manufactured by Mac-it Parts Co., Lancaster, Pa. 





































FRONT VIEW 


SIDE VIEW 





Hartwell 
Flush 
Latches ‘ 


AVAILABLE 
FOR OVER 









OMBINATIONS 


OF DOOR AND FRAME 
THICKNESSES 


HARTWELL Trigger-action Flush Latches are 
produced in over 300 standard combinations 

of bolt and trigger offsets. We can supply a latch 
for any door to be latched in any frame within 
thickness ranges common to standard sheet 
metal practice. 

No altering of panels and frames is necessary 
when HARTWELL Flush Latches are installed. 
Offsets of bolt and trigger are stamped on each 
part for rapid and accurate selection of the 
correct latch for each installation. 

All HARTWELL Flush Latches and Hinges are 
the result of nearly two decades of continuous 
specialized design and manufacture. 










New 1954 Catalog 
illustrates and gives 
full details of complete line. 





* 


MAIL THIS COUPON 


HARTWELL COMPANY 
9035 Venice Bivd., Los Angeles 34, Calif. 
Send IIlustrated 1954 Catalog. 

Nome 
Company 
Addres 
City 


De 
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electronics and television, with particular emphasis 
on long-range planning. 
+ 


During the annual Medal Day Ceremonies of the 
Franklin Institute of the State of Pennsylvania, Wil- 
liam Francis Gibbs, naval architect and marine en- 
gineer, was awarded the Franklin Medal, highest 
honor given by the Institute. Mr. Gibbs received the 
medal for his efforts in the fields of naval engineer- 
ing and architecture which ultimately led to the de- 
sign of the vessel S. S. United States. 

At the same time, Dr. Adolph Meyer was awarded 
the George R. Henderson Medal for his accomplish- 
ments in the gas turbine field, particularly for his 
part in the development of the first successful gas 
turbine locomotive. 

For his paper, “Compensation of Feedback-Control 
Systems,” Dr. George Cheney Newton Jr., associate 
director of the Servomechanism Laboratory, Massa- 
chusetts Institute of Technology, received the Louis 
E. Levy Medal awarded by the Franklin Institute. 


» 


The appointment of James F. Eversole as vice 
president in charge of research has been announced 
by Bakelite Co., a division of Union Carbide and Car- 
bon Corp., New York. Dr. Eversole joined the com- 
pany in 1929. 


. 


George M. Anderson has been appointed head of 
the engineering development group at the Edison 
Laboratory of Thomas A. Edison Inc., West Orange, 
N. J. 


¢ 


Five engineering promotions were recently an- 
nounced by Worthington Corp., Harrison, N. J. Ev- 
erett C. Schmactenberg has been appointed chief en- 
gineer of turbomachinery engineering services on cen- 
trifugal compressors, high-speed centrifugal boiler 
feed pumps and marine centrifugal pumps. C. J. 
Tullo, now chief engineer of the Centrifugal Engi- 
neering Div., will be responsible for all engineering 
services on large capacity pumps, vertical turbine 
pumps, axially split casing pumps, standard end suc- 
tion centrifugal and refinery pumps. Warren H. 
Fraser was appointed assistant chief engineer of the 
Centrifugal Engineering Div., as was William C. 
Krutzsch Jr., who will be responsible for all stand- 
ard pumps. Max Reimer was named chief draftsman 
of the Harrison Works engineering department and 
manager of the Engineering Services Div. 


° 


Dr. Adair Morrison has been named head of the 
research section of the research and engineering de- 
partment of Sprague Electric Co., North Adams, Mass. 


¢ 


The American Welding Society has re-elected Fred 
L. Plummer as its president for 1953-1954. Mr. Plum- 
mer is director of engineering of the Hammond Iron 
Works, Warren, Pa. 
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WANTED: 


Technical Editor 


. Mechanical engineer with editorial 
or other writing experience 


.To procure, select, write, and edit 
articles and feature departments 


. Headquarters in Cleveland, Ohio 


. Opportunity to travel in quest of edi- 
torial material 


. A real challenge for anyone with en- 
thusiasm for writing and a strong 
creative urge 


.If you are interested and feel quali- 
fied, please send full details of your 
engineering and writing experience 
to the Editor, MACHINE DESIGN, Pen- 
ton Building, Cleveland 13, Ohio 

















-- IMPROVED! 


Stick-Free 


Steam Valves 


Atkomatic 
exam” 


ELECTRIC 


VALVES 


New engineering features prevent 


“sticking” . . . assures trouble-free operation. 


Expansion caused by high temperatures 
combined with deposits of iron oxide, boiler 
compound, lime, etc., the common cause of 
most steam valve failures, no longer affect 
normal operation. Valve efficiency is in- 
creased, maintenance costs reduced, and 
plant operation improved. Pressures to 150 
pounds P.S.|.—temperatures to 400° F.— 


sizes 4” to 3”. 


Write for more complete information. 


Atkomatic 


PU SOLEN OID) 
ELECTRIC VALVES 


ATKOMATIC VALVE COMPANY 





545M ABBOTT STREET © INDIANAPOLIS 25, INDIANA 











THE ENGINEER'S 


Library 


Recent Books 


Applied Elasticity. By Chi-Teh Wang, professor of 
aeronautical engineering, New York University; 365 
pages, 6 by 9 inches, clothbound; published by McGraw- 
Hill Book Co. Inc., New York; available from MACHINE 
DESIGN, $8.00 postpaid. 


This textbook is intended mainly for design en- 
gineers and presumes a knowledge of calculus. When- 
ever higher mathematics is involved, it is derived 
where first encountered. Chapters are headed under 
such titles as analysis of stress and strain, stress- 
strain relation and elasticity general equations, plane- 
stress and plane-strain problems, torsion of various 
shaped bars, finite-difference approximations and re- 
laxation method, energy principles and variational 
methods, solution by means of complex variables, 
bending and compression of bars, elastic stability, nu- 
merical methods in determination of buckling loads, 
bending and buckling of thin plates, and theory of 
thin shells and curved plates. 


. 


Synchros ‘{»1If-Synchronous Devices and Electrical 
Servo-Mechanisms, By Leonard R. Crow, director of re- 
search and development, Universal Scientific Co.; 5% by 
814 inches, 232 pages, clothbound, published by the Scien- 
tific Book Publishing Co., Vincennes, Ind.; available from 
MACHINE DESIGN; $4.20 postpaid. 


This book discusses the basic self-synchronous 
electrical mechanisms and many special synchros and 
devices that evolved from the fundamental forms. 
Principles underlying the functional operating theory 
are given as well as the use and application of syn- 
chros and allied self-synchronous electrical mechan- 
isms. Structural features are described in sufficient 
detail for understanding of the function and applica- 
tion of the many types and forms of self-synchronous 
devices. 


ASME Handbook—Design. Edited by Oscar J. Horger, 
chief engineer, Timken Roller Bearing Co.; 420 pages, 
7% by 10 inches, clothbound; published by McGraw- 
Hill Book Co. Inc., New York; available from MACHINE 
DESIGN, $10.00 postpaid. 


Dealing primarily with the design function in met- 
als engineering, this volume is comprised of 48 sec- 
tions contributed by authorities writing on subjects 
in which thev gained wide recognition. Valuable in- 
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COMPLEX PARTS ARE A CINCH 
FOR MORAINE POWDER METALLURGY 


By conventional casting and machining complete, operating mechanism. Now it 
methods, this part would be high in cost comes from a press complete in a single 


and would require extensive equipment operation... another example of what 
. investment. Through the use of metal can be accomplished through cooperative 
| powder techniques, it has been mass- _ effort between customer and Moraine. 
: 


produced with important over-all savings. Pa . : 
Moraine’s experience with metal powder 


Note the construction details on the print _is contributing widely to modern industry. 
» in the background. Formerly many machin- Many complex designs are resolved into 
ing processes were necessary before this _ practical, economical production jobs that 
part was ready to be assembled into a improve performance and lower costs. 





moraine METAL 


POWDER 


prod ucts PARTS 


DIVISION OF GENERAL MOTORS CORPORATION, DAYTON, OHIO 
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PULLEYS 





Quickly, easily installed on old or new ma- 
chines allowing infinitely variable 
speed adjustm: ots over wide range. A 
mere turn of hand instantly, accurately 
speeds up or slows down the driven unit 
for changes in production schedules .. . 
adjustment for operator ability . . . correc- 
tions for size or stock, temperature or hu- 
midity, size or density. 


Available in 8 sizes—frac- 
tional to 8 hp. with ratios to 
3 to 1. 


Write today for illustrated catalog 
and complete technical data. 


LOVEJOY FLEXIBLE COUPLING CO. 


4818 W. Lake Street . 









Chicago 44, Illinois 


Also mfrs. of universial joints and flexible couplings 






The Engineer's Library 





formation is presented for relating considerations of 
material selection, design procedure, strength prop- 
erties, and processing operations for good design. 
This volume covers essential properties which need 
to be evaluated by the design engineer in his selection 
of one material in preference to another. 

In Part 1 the overall problem of selection of mat« 
rials is discussed in general terms. Made up in eight- 
sections, Part 2 covers such items as high-temperature 
considerations, flame strengthening, plasticity, resid 
ual stresses, vibration, fatigue, surface finish, shot 
peening, cold working, nitriding, joints, wear and im- 
pact. Part 3 deals with the problems of corrosion, 
while a review of present metal testing information 
is covered in Part 4. The final two parts point out 
the requirements for mass production and surface 
finish along with basic information on design theory 
and practice, elasticity and failure, stresses, and 
strain gages. 


SJ 


Temperature Measurement in Engineering. By H. Dean 
Baker, professor of mechanical engineering, Columbia 
University, EH. A. Ryder, consulting engineer, United 
Aircraft Corp., and N. H. Baker, research assistant, Co- 
lumbia University; published by John Wiley & Sons Inc.., 
New York; available from MACHINE DESIGN, $3.75 post- 
paid. 


The first of two volumes, this book accurately dis- 
cusses temperature in terms of engineering measure- 
ment. Stress is placed on specific procedures and tech- 
niques involved in producing satisfactory tempera- 
ture-measurement designs for various circumstances. 
Types of measurement conditions encountered are 
classified on a physical basis such as interior points in 
solids, liquids, gases, flame, etc., rather than specific 
industrial problems or relations to various types of 
instrumentation. Volume I deals primarily with the 
thermocouple technique since it is most widely em- 
ployed to measure internal temperatures of solid 
bodies. 


Manufacturers’ Publications 


Ideas-Techniques-Designs. 306 pages, 6 by 81% inches, 
paperbound; available from Alden Products Co., Dept. 
HB, 117 N. Main St., Brockton 64, Mass., on company 
letterhead request. 


This 1954 edition of the Alden handbook is written 
for engineers and designers of electrical or electronic 
equipment. The use of standard components is em- 
phasized and design principles of plug-in packages 
and basic chassis for unitizing equipment in this field 
are outlined. Methods of indicating and monitoring 
operation of electronic equipment with tiny indicator 
lights are described. Electrical wiring connectors and 
interconnecting systems with color coding are in- 
cluded. This handbook is divided into 11 tabbed sec- 
tions which contain many illustrations. 
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NOTEWORTH Y 


V aRIABLE-SPEED CONTROL of rotating shafts, 
regardless of direction of rotation, is accomplished 
with a novel magnetic-fluid clutch design assigned to 
the Electronic Engineering Co. Covered in patent 
2,640,364, the clutch employs a rotating iron disk 
mounted to slide in and out between two magnetic 
coils connected to the output shaft and immersed in 
a solution of oil and iron particles. Excitation of the 
coils freezes the magnetic particles in solution, cre- 
ating a magnetic drag to transmit torque from the 
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rotating disk to the output shaft. By varying the 
position of the disk to change the effective radius at 
which the magnetic forces act, speed of the output 
shaft can be varied from a minimum to a maximum 
value, increasing as the disk is moved away from the 
center of rotation of the coils. Actual power de- 
livered is not affected by disk position and will re- 
main constant at a value directly proportional to 
the input. A modification of the design for reducing 
heat losses is also shown in the patent which has 
been assigned by Gorman R. Nelson. 


F LUID-TIGHT SEALING of rotating or reciprocat- 
ing shafts is accomplished by an oil seal shown in 
patent 2,646,295 without the usual close tolerance 
fits required. Designed by John H. Victor, the seal 
has an outer U-shaped metal casing, press fitted into 
the housing, and an inner rubber sealing element 
which engages the shaft and is tensioned by a garter 
spring. Takeup adjustment to permit greater fit tol- 
erances and compensate for diameter variations in as- 
sembly is provided by serrations, a few thousandths 
of an inch in height, in the outer metal surface. The 
serrations also act to pilot the seal into the housing 
bore in a centered position. Necessity for centerless 
grinding and burnishing operations is eliminated by 
the design which has been assigned to Victor Mfg. 
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Heater and 
Motor Rated 
Rotary Switches 


Simplest and fastest method yet devised for 
wiring up a switch provides instant, automatic, 
positive connection ... without binding screws, 
extra clips or other gadgets. Push the stripped 
end of your standard wire, solid or stranded, 
into auto-lock connection of Series 850 Rotary 
Switches and wire is gripped firmly. Depressing 
small lever gives instant release. 


Compact design permits close cluster or in-line 
assemblies. Standard, heavy and horsepower 
ratings available in off-on, 3-heat, 5-heat, 7-heat, 
9-heat and special circuits with one-hole, two- 
hole or special mounting arrangements. Patent 
pending. UL Approved. Ruggedly built to give 
extra-long service. Send us your requirements. 


THE HART MANUFACTURING COMPANY 


118 Bartholomew Avenue, Hartford, Connecticut 






NEED HYDRAULIC 





by aS 
Now. e eyou can get hydraulic pumps 


WHEN YOU NEED THEM! 


Gerotor can deliver from stock . . . immediately . . . any 
of their standard hydraulic pumps, covering ranges as 
shown in the table. If you have pump requirements and need 


immediate service . . . call, wire or write Gerotor today. 














Type G.P.M. P.S.I. 
Pump Range Range R.P.M. 
_ 4-1.5 0-1000 1800 
“QDH" 3-12 0-1200 1200 
“oO” 20-40 0-1000 1200 




















Whatever your need in hydraulic pumps or motors consult 


the Gerotor May engineers. Write for free literature. 


GEROTOR MAY CORP. «BOX 86, BALTIMORE 3, MD. 





ne is not just a name... 
it’s the principle of the thing 









The two Gerotors revolve at different speeds, 
resulting in a continuous opening and closing of 
spaces as shown in this diagram. Follow the 
changing position of tooth #1 as rotation takes 
place. Note its relation to space #2. As rotation 





continues, tooth #1 gradually displaces oil from 


[ae space #2, thus creating pressure. 
A al 
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HYDRAULIC PUMPS & MOTORS 











Noteworthy Patents 





& Gasket Co. A modification to provide resilient en- 
gagement of the outer surface is also described. 


Ar LUBRICATION by means of porous graphite 
liners increases load capacity in a hydrostatic bearing 
design assigned to General Electric Co. by Howard I. 
Becker. Particularly suited for use with ball-and- 
socket joints, especially where operating conditions 
prohibit oil lubrication, the design detailed in patent 
2,645,534 utilizes a metal ball rotating in a cup-shaped 
graphite bearing surface mounted in a sealed pressur- 
ized air chamber. Porous openings in the graphite dis- 





O 


. 





4 


eee he hh 














heheudhiuhhuddihdlddidddedddds Aihhthichacdiddddidhchdcded 











Us 











tribute the air pressure evenly over the entire bearing 
surface, providing a uniform lubricating effect and 
minimizing the possibility of air shutoff due to over- 
load or clogged air passages. In addition, the natural 
lubricating qualities of the graphite prevent scoring 
of the ball surface should contact occur. Several 
modifications of the basic design, including sleeve and 
thrust bearing adaptations, are also discussed in the 
patent. 


Accurate SPEED INDICATION for control of 
de motors operating on rectified ac voltage can be ob- 
tained electrically with a circuit designed by Oscar E. 
Carlson. Detailed in patent 2,649,572, the circuit in- 
corporates a smoothing filter which produces a steady 
value of voltage, directly proportional to the back 
emf of the motor. By calibrating a voltmeter dial in 
rpm, direct and constant indication of speed can be 
obtained without the conventional fluctuations associ- 
ated with rectified current. A modified version of the 
circuit for a bidirectional control system is also shown 
in the patent. 





Overtoap TORQUE PROTECTION for chain 
drives, regardless of direction of rotation, is afforded 
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tyes of problems 


Here are ten typical fastening problems. One device, the 
ELASTIC STOP nut, solves them all—without additional parts 

or operations. Deliberately undersized in relation to bolt diameter, 
the red elastic collar grips the bolt with a perfect fit, exerting 

a continuing self-locking pressure against the threads, and 

holding the nut securely in place at any point on the bolt. It also 
provides a tight seal against the bolt threads, which prevents 
seepage and wear-producing axial play. And because the bolt threads 
are protected against moisture from without, the nuts are 

not “frozen” to the bolt by corrosion. 


ELASTIC STOP nuts stay tight, right where you put them, in spite of 
vibration and stress reversals. Yet they are not jammed in place, and can be 
removed with a wrench and reused many times. 


For further information on ESNA self-locking fasteners, 
mail the coupon below. 
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where accurate con- 
tact gaps are re- 
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NUT CORPORATION OF AMERICA 
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Dept. N41-14 Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 


Please send the following free fastening information 
C Elastic Stop nut bulletin [] Here is a drawing of our product. What self- 
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BEARINGS 


Lu lm NY LON 


Solve Many 
| oI —To bu beled spac) e)(-s eet) 


e RESILIENCY RESISTS POUNDOUT @ PERMIT DRY 
OPERATION » MINIMIZE ABRASION FAJLURES e 
SILENT OPERATION @ LOWER FRICTION @ SUPERIOR 
CORROSION RESISTANCE @ OPERATE IN LIQUIDS e 
ELIMINATE FRICTION OXIDATION @ LIGHT WEIGHT 
e DAMP MECHANICAL VIBRATION @ EXTREMELY 
COMPACT @ CLOSE FITS @ NON-CONTAMINATING eo 
LOW COST @ LONGER LIFE @ LESS MAINTENANCE 
@ BEARING SURFACE INSTANTLY REPLACEABLE 


*NYLINED Bearings have a highly engineered thin liner of 
DuPont Nylon, designed to bring bearing users the many bene- 
fits of Nylon as a bearing material by solving most of the 
limitations surrounding its use. 


For further information and the name of your local representative, write 


THOMSON INDUSTRIES, Inc. 


Dept. 9 
Manhasset, New York 


Also Monvufocturers of BALL BUSHINGS... 
The Ball Bearing for Linear Motions 


Noteworthy Patents 





by a combination sprocket-clutch design covered in 
patent 2,643,530. Assigned to Lathrop-Paulson Co., 
the design can be preadjusted to disconnect at a speci- 
fied load. In normal operation, torque is transmitted 
to a tubular drive shaft by a rigidly mounted clutch 
plate driven by a second matching spring-loaded plate 
which carries the sprocket wheel and is free to rotate 
or slide on the shaft. Clutching action is produced by 
conical stud projections on the driven plate which en- 
gage mating depressions on the face of the driving 
plate. When the load becomes excessive, the driving 
plate rides over the conical projections, causing the 
clutch to slip until loads return to normal. Adjust- 
ment of the spring pressure, which determines the dis- 
connect load, is accomplished with a collar threaded 
to the shaft and does not require disassembly. As- 
signor of the patent is Harry D. Lathrop. 


Constant FLOW RATE in fluid lines is main- 
tained automatically, even with pressure variations, 
by a valve assigned to Ralph N. Brodie Co. under pat- 
ent 2,647,531 by William F. Berck. Valve operation 
is based on the Bernoulli principle; a spring-loaded 
piston mounted in an adjustable converging throat is 
actuated by fluid velocity to control the flow opening. 
Piston position is a function of the flow velocity and 
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is independent of pressure differentials across the 
valve. Increase in rate of flow causes the piston to 
move into the nozzle, decreasing the opening and main- 
taining a constant quantity of fluid at the valve out- 
let. Decrease in flow rate causes a reverse piston 
movement. Initial adjustment of flow rate is accomp- 
lished by changing the position of the movable throat 
through a rack and gear mechanism which is operated 
externally without requiring disassembly. 





Drorneut SEALING of antifriction bearings is 
attained with a clever sheet-metal construction d:- 
signed to accommodate shaft endplay. Assigned ‘o 
Saywell Associates under patent 2,642,298, the sea! 
employs overlapping annular sheet metal rings, a}- 
proximately 0.003-inch thick, to provide a flexibie 
sealing action. The rings are mounted in pairs and 
O-ring spacers, or other suitable shapes, are utilized 
to maintain sealing engagement between the over- 
lapping edges. Shaft endplay is absorbed by deflec- 
tion of the flexible rings without disrupting the sea!- 
ing action. Assignor of the patent is L. G. Saywell. 


MACHINE DESIGN—January 1954 





| pee 


